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CONTINENTAL  ARMY  COMMAND 
Fort  Bliss,  Texas 
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-B  GM  551 


i>4l8jJECT:  Letter  Report  of  Test  of  Active  Jamming  Against  the  Iyre 
:==  CORPORAL  System  (Flights  |!  U-13,  li  U-l4)(C) 


Commanding  General 
Continental  Army  Command 
Fort  Monroe,  Virginia 
ATTN:  ATDEV-4 


1.  Authority. 


a.  Test  Directive  GM  551  (reference  2a  below)  constitutes  the 
authority  under  which  this  test  was  conducted.- 

b.  The  over-all  purpose  of  the  User  Test  of  the  CORPORAL  missile 

SYSTEM  IS  TO  DETERMINE  THE  SUITABILITY  OF  THE  SYSTEM  FOR  USE  BY  THE  ARMY. 

The  specific  purpose  of  this  test  was  to  determine  whether  or  not  the 

CORPORAL  MISSILE  SYSTEM  COULD  BE  EFFECTIVELY  JAMMED  DURING  FLIGHT..  . 

2 .  References. 

a.  Letter,  ATDEV-9  471 -94/1 50  ( C ) ( 20  Sep  51),  OCAFF,  2 p  Sep 
1951,  subject:  "Army  Field  Forces  User  Test  of  the  CORPORAL  Surface-to- 
Surface  Missile  System." 

b.  CONARC  Engineer-User  CORPORAL  Missile  ECM  Tests,  Test  Plan 
No  EDL-T1 ,  15  June  1955. 

c.  Letter,  ATBD-B  4|1 .94/5,  this  Board,  21  December  1 955>  subject: 
"Preliminary  Evaluation  of  Active  Jamming  Against  the  CORPORAL  System 
(Flights  1 1  U-13,  1 1  U-l4)(S)." 
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ATBD-B  GM  551  •  > 

SUBJECT:  Letter  Report  op  Test  of  Active  Jamming  Against-the  Type  IE  „<■ 
CORPORAL  System  (Flights  I!  U-13,  II  U-l4)(C) 

'  'ft 

3 .  Description  op  Ma teriel. 

/A., 

A.  The  Type  II  CORPORAL  missile  system  was  used  during  these 
tests.  A  detailed  description  op  the  operation  of  the  most  affected 
portions  of  the  system  is  attached  as  part  of  Inclosure  Nr  1. 

b.  Electronic  Defense  Laboratory  (EDL)  Electronic  Countermeasures 
System.  This  equipment  was  designed  . and  fabricated  by  EDL,  and  was.  field 
tested  during  these  tests  to  determine  if  the  ECM  basic  philosophy  was 
sound.  A  detailed  description  of  this  equipment  is  attached  as  part  of 
I NCLOSURE  Nr  1 .  ' 

4.  Background.  A  decision  was  made  that  an  abbreviated  ECM  test 
would  be  performed  during  the  Firing  phase  of  the  CORPORAL  User  tests. 

The  Electronic  Defense  Laboratory  (EDL),  Mountain  View,  California  was 
selected  by  the  Office  of  the  Chief  Signal  Officer,  Department  of  the 
Army  to  support  Boaro  Nr  4,  CONARC  in  these  ECM  tests.  To  obtain  more 
valid  test  results,  it  was  decided  to  actively  jam  the  missile  system 
during  a  normal  flight  rather  than  attempt  to  jam  missile  components 

INSTALLED  IN  AN  AIRCRAFT.  EDL  WAS  TO  PREPARE  A  LABORATORY  MODEL  OF 
INTERCEPT  AND  JAMMING  EQUIPMENT  BASED  ON  THE  PHILOSOPHY  DESCRIBED  IN 

paragraph  3,  Inclosure  Nr  1.  Two  User  Type  I!  CORPORAL  Missiles  were 

TO  BE  JAMMED  DURING  FLIGHT  TESTS. 

5.  Summary  of  Tests. 

a.  Certain  ECM  terms  used  subsequently  in  this  report  are 

DEFINED  BELOW. 

(1)  Successful: 

(a)  Significant  increase  in  error  of  missile  caused 

BY  CONFUSION  OF  GROUND  STATION  AND  SPOOFING  OF  MISSILE. 

1  (o)  Denial  of  arming  command. 

(2)  Active  electronic  countermeasures--(Electroni c  jamming)-- 
The  deliberate  radiation,  reradiation,  or  reflection  of  electromagnetic 
signals  with  the  object  of  impairing  the  use  of  electronic  devices  by 

the  enemy. 


(3)  Passive  Electronic  Countermeasures--Search ’for  electro¬ 
magnetic  radiations  to  determine  existence,  source  and  pertinent -charac¬ 
teristics,  including  the  collection  and  technical  analysis  of  resultant 
electronic  intercept  information. 
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ATBD-B  GM  551 

SUBJECT:  Letter  Report  of  Test  of  Active  Jamming  Against  the  Type  I! 
CORPORAL  System  (Flights  II  U-13,  II  U-l4)(C) 

b.  The  intercept  and  jamming  of  CORPORAL  User  Flight  !l  U~1 3 
(Missile  Nr  1 627 )  was  performed  under  controlled  conditions.  The  COR¬ 
PORAL  Ground  Station  was  emplaced  in  the  Oro  Grande  CORPORAL  Firing 
Area,  White  Sands  Proving  Ground,  New  Mexico.  Standard  Operating 
Procedures  were  followed  during  checkout  and  firing.  The  missile  was 

FIRED  AT  1130  HOURS,  8  DECEMBER  1955*  THE  INTERCEPT  AND  JAMMING  EQU-IPr 
MENT,  OPERATED  BY  EDL,  WAS  EMPLACED  IN  THE  VICINITY  OF  Ho  LI  OMAN  A  l'<R  DEVELOP 

ment  Center  (HADC)  approx i mately  45  kilometers  (28  miles)  NNE  of  the 

LAUNCHING  AREA.  EDL  INTERCEPTED  THE  MISSILE  RADIATION  AND  THEN  JAMMED 
THE  RADAR  GUIDANCE  LINK.  THE  ACTION  TAKEN  WAS  TO  OVERRIDE  THE  LEGITIMATE 
COMMANDS  IN  AZIMUTH,  GIVING  THE  MISSILE  PREDOMINANTLY  HARD  GO.  LEFT 
COMMANDS,  AND  TO  CAUSE  ERRORS  IN  THE  MISSILE  POSITION  MEASUREMENTS  MADE 

by  the  CORPORAL  Ground  Guidance  Station.  Mo  action  v/as  taken  against 

THE  MISSILE  DOPPLER  LINK.  EDL  WAS  SUCCESSFUL  IN  THEIR  ATTEMPT  TO 
INTERCEPT  AND  JAM  THE  CORPORAL  SYSTEM  IN  THIS  FLIGHT. 

c.  The  intercept  and  jamming  of  CORPORAL  User  Flight  II  U-1 4 

(missile  NUMBER  1 668)  WAS  ESSENTIALLY  THE  SAME  AS  FOR  FLIGHT  I  I  U-1 3 ♦ 

The  MAJOR  DIFFERENCE  BETWEEN  THE  TWO  FLIGHTS  WAS  THE  INFORMATION  EDL 
WAS  ALLOWED  TO  KNOW  PRIOR  TO  LAUNCHING  OPERATIONS,  INFORMATION  FURNISHED 
EDL  IS  LISTED  IN  INCLOSURE  Nl?  3*  An  INFLIGHT  MALFUNCTION  OCCURRING  IN 
THE  CORPORAL  MISSILE  PREVENTED  BOTH  JAMMING  AND  COMMAND  SIGNALS  FROM 
AFFECTING  THE  MISSILE  FLIGHT.  DUE  TO  A  MALFUNCTION  OF  THE  JAMMER  AUTOMATIC 
FREQUENCY  CHANGING  SERVO,'  EDL  HAS  CONSIDERABLE  DIFFICULTY  MAINTAINING 

"frequency  lock."  Again,  no  action  was  taken  by  EDL  to  interrupt  the 

Ml  SSI LE-DOPPLER  LINK.  EDL  WAS  SUCCESSFUL  IN  THEIR  ATTEMPT  TO  INTERCEPT 
AND  JAM  FLIGHT  II  U-1 4,  BUT  TO  A  LESSER  DEGREE  THAN  WITH  II  U-1 3 • 

6.  CONCLUS I ONS. 

a.  The  CORPORAL  Type  I!  missile  system  is  vulnerable  to  both 

ACTIVE  AND  PASSIVE  ELECTRONIC  COUNTERMEASURES. 

b.  The  basic  philosophy  of  EDL’s  ECM  system  is  sound. 

c.  -The  application  of  certain  procedural  changes  will  eliminate 
SOME  OF  THE  effects  OF  ECM. 

7-  Recommendat 1 ons.  It  is  recommended  that: 

a.  Techniques  be  developed  such  that  the  following  may  be 
accomplished: 
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ATBD-B  GM  551- 

SUBJECT:  Letter  Report  of  Test  of  Active  Jamming  Against  the  Type  I | 
CORPORAL  System  (Flights  II  U-13,  II  U-l4)(C) 

(1)  Elimination  of  pre-launch  radiation. 

(2)  Turn-on  of  radar  high  voltage  not  earlier  than  T4  TO 

SECONDS. 

(3)  Calibration  of  Radar-Launcher  range  b.e  performed  with¬ 
out  radiation. 

b.  Continued  emphasis  be  placed  on  ECM,  and  that  training  be 

CONDUCTED  IN  SUCH  A  MANNER  THAT  THE  EXISTING  SECURITY  DEVICES  (CURRENTLY' 
AVAILABLE  IN  THE  MISSILE  SYSTEM)  LISTED  BELOW  ARE  UTILIZED  TO  THE  MAXIMUM 

extent: 

(1)  Azimuth  Command  Termination  Counteriis  set  to  the 
minimum  value. 

(2)  All  radiation  bf.  terminated  10  seconds  after  the  missile 
radio  beacon  is  d.e-energized  after  range  correction  time. 

(3)  Extreme  care  be  taken  in  adjusting  frequencies  within  • 

THE  SYSTEM  IN  ORDER  THAT  PEAK  SIGNAL  STRENGTH  MAY  BE  RECEIVED, 

(4)  Vary  the  radar  PRF  (within  the  capability  of  the 
system)  between  missile  firings. 

(5)  Extreme  care  be  taken  when  adjusting  coincidence  using 
the  Standard  Decoders. 

c.  Consideration  be  given  to  modification  of  the  existing 
CORPORAL  Type  II  System  so  that: 


(l)  "Commands  In"  actuator  B-1  can  be  reset  during  any 
portion  of  the  flight. 


(2)  The  missile  Transponder  Set  AGC  characteristics  are 
improved  such  that  the  minimum  legitimate  signal  may  ce  acted  upon  and 
weaker  jamming  signals  eliminated. 


(3) 

(4) 

PULSE  GROUPS  PER 


The  susceptibility  to  v/ide  pulse  jamming  is  minimized. 

Higher  radarPRFs  may  be  utilized  (approximately  2000 
second) . 
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ATBD-B  GM  551 

SUBJECT:  Letter  Report  or  Test  of  Active  Jamming  Against  the  Type  I! 
CORPORAL  System  (Flights  II  U-13,  II  U-l4)(C) 

* 

D.  The  development  agency  conduct  a  study  of  the  susceptibility 
OF  FUTURE  CORPORAL  MISSILE  SYSTEMS  TO  ECM. 


e.  Future  medium  and  long  range  surface-to-surface  guided  missel 

SYSTEMS  BEING  DEVELOPED  USE  A  NON-RADIATING  TYPE  OF  GUIDANCE  SYSTEM- 

f.  The  present  EOL  detection  and  jamming  system  be  modified, 

as  necessary,  and  a  new  prototype  system  be  constructed  and  TESTED  AGAiNST 
command-type  surface-to-surface  missile  systems. 


/ 


NCLS 

1.  Description  of  Materiel 

2.  Photos  of  EDL  Equipment 

3.  Details  of  Test 

4.  Charts  of  Reduced  Recorded  Data 

5.  Photos  of  Radar  Range  Scope 


JOHN  H.  KtiCHEVAR 
Colonel,  Arty 
President 


Cop  1 es  furni shed: 

CG,  USAREUR,  APO  k>3,  NY,  MY 
ATTN:  G-3  (f) 

CG,  AAA&GM  Cen  ( 1 ) 

CG,  Arty  &  GM  Cen  (1 ) 

CG,  RSA,  ATTN:  R&D  Div  (l) 

CG,  WSPG,  ATTN:  OM  (2) 

CG,  1st  GM  BRIO,  ATTN:  OIC  TAT 
2d  GM  Gp  (1  ) 

Di R, >OSWD  (1)  j 

CO,  WSSCA  (2) 

CO,  9560th  TU,  Mt  View,  Calif  (l) 
Bd  Nr  1  Rep,  Bd  Nr  4  (2) 

Di r,  Elct  Def  Lab  (5) 

CONARC  LnO,  JPL/CIT  (2) 

CONARC  LnO,  RSA  ( 1  ) 
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BOARD  NUMBER  4  (71 04  SU) 

CONTINENTAL  ARMT  COMNWND-  ' 

Fort  Bliss,  Texas  0  /paj 

\  -j 


DESCRIPTION  OF  MATERIEL 

1.  CORPORAL  Ground  Guidance  Station.  The  guidance  equipment  comprises 

THOSE  COMPONENTS  USED  IN  THE  CORPORAL  SYSTEM  FOR  ELECTRONIC  CONTROL  OF  THE 
MISSILE  FROM  THE  TIME  THE  GROUND  COMMANDS  BEGIN  TO  OVERRIDE  THE  FLIGHT 
PROGRAMMER  UNTIL  FINAL  RANGE  CORRECTION.  THE  GROUND  GUIDANCE  EQUIPMENT 
NORMALLY  CONSISTS  OF  THE  RADAR  SET  AN/MPQ“25,  THE  RADIO  SET  (DOPPLEjY) 
AN/MRQ-7,  and  the  computer  group  AN/MSA-6. 

''  •  0 

a.  Radar  Set  AN/MPQ-^.  Radar  Set  AN/MPQ -25  includes  radar 
SET  GROUP  OA -S52/MPQ-25,  OPTICAL  TRACKER  XM  3>  AND  ANTENNA  GROUP  AN-65I / 

MPQ-25. 

o 

(1)  The  Radar  Set  is  included  in  the  CORPORAL  missile 

GUIDANCE  SYSTEM  TO  MEASURE  MISSILE  POSITION  CONTINUOUSLY  AND  TO  TRANSMIT 
THE  COMMANDS  NECESSARY  TO  KEEP  THE  MISSILE  ON  THE  PROPER  HEADING  TO  THE 

target.  Information  as  to  missile  range,  elevation,  and  azimuth  deviation 

FROM  THE  CORRECT  TRAJECTORY  IS  FED  TO  THE  COMPUTER  STATION  WHERE  THE  , 

COMMAND  OUTPUT  IS  FORMULATED. 

(2)  Conical  scanning  provides  a  method  of  causing  the  antenna 
to  follow  the  target  automatically.  In  conical  scanning  THE  RF  beam 

ROTATES  ABOUT  THE  ELECTRICAL  AXIS  OF  THE  REFLECTOR  AND  AN  ERROR  VOLTAGE 
IS  GENERATED  TO  CONTROL  THE  POSITION  OF  THE  ANTENNA  IN  ELEVATION.  THE 
ERROR  SIGNAL  WILL  SHOW'  THE  RELATIONSHIP  OF  THE  MISSILE  TO  THE  ANTENNA 
ELECTRICAL  AXIS.  THE  ANGLE  OF  RADAR  ANTENNA  POSITION  IN  ELEVATION 
EQUALS  0,  THE  ANGLE  OF  ELEVATION  OF  THE  MISSILE  ABOVE  THE  HORIZONTAL  PLANE 
AS  MEASURED  FROM  THE  RADAR  SET.  ROTATION  OF  THE  ANTENNA  IN  ELEVATION 
MOVES  THE  ARMS  OF  THE  ELEVATION  POTENTIOMETER.  THE  COMPUTER  RECEIVES 
VOLTAGES  REPRESENTING  +  SIN  (  AND  -  COS  0  FROM  THE  ELEVATION  POTENTIO¬ 
METER. 


(3)  Since  the'antenna  cannot  be  moved  in  azimuth,  the  azimuth 

ERROR  SIGNAL  IS  NOT  USED  FOR  ANTENNA  POSITIONING  BUT  IS  SENT  DIRECTLY  TO 
THE  COMPUTER  STATION,  WHERE  A  PROPORTIONATELY  CORRECTIVE  YAW  COMMAND  IS 
DETERMINED  TO  PUT  THE  MISSILE  BACK  ON  A  CORRECT  HEADING  TO  THE  TARGET 
BURST  POINT. 
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(4)  In  automatic  OPERATION  the  azimuth  and  elevat i on, error  f 

SIGNALS  DEVELOPED  BY  THE  TRACKING  SYSTEM  HAVE  A  FREQUENCY  OF  APPROXIMATELY 
25i  CPS>  WHICH  IS  THE  FREQUENCY  OF  ROTATION  OF  THE  CONICAL  SCAN.  THE 
REFERENCE  SIGNALS  FURNISH  TO  THE  TRACKING  SYSTEM  A  STANDARD  WITH  WHICH  THE 
ERROR  SIGNALS  ARE  COMPARED.  |N  AUTOMATIC  TRACKING  THE  REFERENCE  SIGNALS 
ARE  SUPPLIED  BY  A  TWO-PHASE  GENERATOR,  WHICH  IS  MOUNTED  ON  THE  ANTENNA 
SHAFT  AND  IS  DRIVEN  BY  THE  SAME  MOTOR  WHICH  DRIVES  THE  CONICAL  SCAN. 

(5)  THE  ERROR  SIGNAL  PRODUCED  BY  A  PURE  AZIMUTH  POINTING 
ERROR  IS  EITHER  IN  PHASE  OR  l80  DEGREES  OUT  OF  PHASE  WITH  THE  AZIMUTH 
REFERENCE  SIGNAL  AND  THE  ERROR  SIGNAL  PRODUCED  BY  A  PURE  ELEVATION 
POINTING  ERROR  IS  EITHER  IN  PHASE  OR  1 80  DEGREES  OUT  OF  PHASE  WITH  THE 
ELEVATION  REFERENCE  SIGNAL.  THE  AZIMUTH  REFERENCE  SIGNAL  ,S  90  DEGREES 
OUT  OF  PHASE  WITH  THE  ELEVATION  REFERENCE  SIGNAL.  THE  FIELD  WINDINGS  OF 
THE  REFERENCE  GENERATOR  MAY  BE  ROTATED  TO  ADJUST  THE  PHASE  OF  THE  REFERENCE 
SIGNAL  WITH  RESPECT  TO  THE  ANTENNA  BEAM  POSITION;  THIS;  IN  EFFECT,  .ES¬ 
TABLISHES  THE  PROPER  RELATIONSHIP  BETWEEN  THE  REFERENCE  SIGNALS  AND  THE 
HORIZONTAL  AND  VERTICAL  PLANE.  THE  ELEVATION  TRACKING  ERROR  VOLTAGE 
(PROPORTIONAL  TO  THE  AMOUNT  OF  PHASE  SHIFT  BETWEEN  THE  ELEVATION  REFERENCE 
SIGNAL  AND  THE  ELEVATION  ERROR  SIGNAL)  IS  PROPORTIONAL  TO  THE  AMOUNT  AND 
DIRECTION  OF  ANTENNA  ELEVATION  POINTING  ERROR.  THE  AZIMUTH  TRACKING  ERROR 
VOLTAGE  (PROPORTIONAL  TO  THE  AMOUNT  OF  PHASE  SHIFT  BETWEEN  THE  AZIMUTH 
REFERENCE  SIGNAL  AND  THE  .AZIMUTH  ERROR  SIGNAL)  IS  PROPORTIONAL  TO  THE 
AMOUNT  AND  DIRECTION  OF  MISSILE  DEVIATION  IN  AZIMUTH  FROM  THE  RADAR 
TARGET  LINE. 

(6)  The  OPERATION  OF  THE  INPUT  CIRCUITS  TO  THE  AUTOMATIC 
TRACKING  UNIT  (ELEVATION  TRACKING)  IS  CONTROLLED  BY  A  NARROW  GATE  FROM 
THE  RANGE  SYSTEM.  GATED  OPERATION  OF  THIS  INPUT  CIRCUITRY  INSURES  THAT 
ONLY  SIGNALS  ARRIVING  WITHIN  THE  PERIOD  OF  THE  NARROW  GATE  (EQUAL  TO 
APPROXIMATELY  2,000  YARDS  OF  RANGE  OR  ■+  1,000  YARDS  OF  THE  TARGET  BEING 
TRACKED,  AND  ALSO  EQUAL  TO  APPROX  I MATELY  12.2  p  SEC  OF  T I  ME )  WILL  ENTER 

THE  AUTOMATIC  TRACKING  UNIT.  DURING  THE  PERIOD  OF  THE  NARROW  GATE  (APPROXI¬ 
MATELY  12.2  p  SEC)  THE  CONICAL  SCAN  WILL  ROTATE  APPROX  I MATELY  2  MILS. 

(7)  The  Ground  Radar  station,  as  presently  designed,  operates 
on  EITHER  OF  THREE  PULSE  RECURRENCE  FREQUENCIES,  640,  731,  OR  853  CPSl 
When  the  pulse  recurrence  frequency  received  by  the  missile  drops  to 

465  CPS,  OR  LOWER,  interrogation  of  the  missile  transponder  still  results; 

HOWEVER;  NO  PITCH  OR  YAW  COMMANDS  ORIGINATING  OUTSIDE  THE  MISSILE  WILL 
BE  ACTED  UPON  BY  THE  MISSILE. 

(8)  In  addition  to  the  above,  the  radar  set  provides  DATA 

FOR  CONTINUOUS  CORRECTION  OF  A  PRESET  PROPELLANT  SHUTOFF  TIME  (  A  VITAL 
FUNCTION  EFFECTING  FINAL  RANGE)  BY  DETERMINING  PRECISE  RANGE  AND  ELEVATION 
OF  THE  MISSILE  DURING  A  SPECIFIED  PORTION  OF  THE  PERIOD  OF  POWERED  FLIGHT. 
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The  missile  position  measurements  are  .supplied  to  the  computer  station 

WHERE  A  CORRECTION  TO  PRESET  SHUTOFF  TIME  IS  DETERMINED  IF  NECESSARY. 

After  shutoff,  the  radar  set  takes  another  precise  range  and  elevation 

MEASUREMENT  WHICH  IS  USED  BY  THE  COMPUTER  STATION  TO  DETERMINE. A  FINAL 
RANGE  CORRECTION  COMMAND  TO  CE  TRANSMITTED  TO  THE  MISSILE  BY  THE  RADAR. 

d.  Computer  Group  AN/MSA-6.  Computer  Group  AN/MSA -6  contains 

FACILITIES  FOR  COMPUTING  DEVIATIONS  OF  THE  PATH  OF  THE  MISSILE  FROM  PRE¬ 
CALCULATED  TRAJECTORY  DATA  AND  FOR  GENERATING  CORRECTIVE  COMMANDS';  AS 
REQUIRED;  TO  BEING  THE  MISSILE  ON  COURSE  SO  AS  TO  ARRIVE  AT  THE  TARGET. 

burst  point.  Missile  azimuth,  elevation,  and  range  correction  data  Are 

SUPPLIED  BY  THE  RADAR  SET ,  AND  PRECISE  RADIAL  VELOCITY  DATA  IS  FURNISHED 
BY  THE  DOPPLER  STATION. 

(1)  A  STANDARD  TRAJECTORY  IS  COMPUTED  FROM  DATA  SET  INTO 
THE  GUIDANCE  SYSTEM  PRIOR  TO  A  MISSILE  FIRING.  COMMAND  SIGNALS  FOR 
CORRECTION  OF  MISSILE  POSITION  ARE  COMPUTED  BY  COMPARING  THE  RADAR  SET 
AND  DOPPLER  STATION  DATA  WITH  COMPUTED  STANDARD  TRAJECTORY  DATA.  A 
MISSILE  PROPELLANT  SHUTOFF  CORRECTION  FACTOR  IS  COMPUTED  IN  THE  COMPUTER 
STATION  AND  SUPPLIED  TO  THE  DOPPLER  STATION.  ACCUMULATED-  IMPACT  RANGE 
ERRORS  OCCURRING  AFTER  PROPELLANT  SHUTOFF  ARE  COMPUTED  AND  USED  IN  THE 
FORMATION  OF  A  RANGE  CORRECTION  COMMAND.  THE  RANGE  CORRECTION  COMMAND, 
TRANSMITTED  BY  THE  RADAR  SET,  PARTIALLY  ARMS  THE  WARHEAD  CARRIED  BY  THE 

missile.  Impact  time  of  the  missile  is  also  computed  by  the  computer 

STATION  AND  is  USED  TO  TIME  THE  TRANSMISSION  OF  THE  RANGE  CORRECTION 
COMMAND. 

,  (2)  The  range  correction  command  (  gxi  -  AAR1  4  B  Sin  J3  + 

C  5  i  if  +  D)  IS  COMPUTED  NEAR  MID-TRAJECTORY  FROM  ERRORS  IN  RADAR  SLANT 
RANGE  (AR.);  ELEVATION  ANGLE  (SlNjS),  RATE  OF  CHANGE  OF  ELEVATION 
ANGLE  (  Tlirtp)  AND  VARIOUS  PRESET  CONSTANTS,  THE  COMMAND  IS  COMPUTED 
WHEN  THE  MISSILE  REACHES  A  PRECISE  VELOCITY  WHICH  |S  PRESET  AND  DETERMINED 
BY  THE  DOPPLER  STATION.  SLANT  RANGE  PROVIDED  BY  THE  RADAR  STATION  IS  OF 
TWO  TYPES,  ONE  TYPE  CONSISTS  OF  A  CONTINUOUS  MEASUREMENT  OF  THE  DIFFERENCE 
(ARo)  BETWEEN  MISSILE  POSITION  (R)  AND  A  PRECALCULATED  RANGE  FOR  MISSILE 
PROPELLANT  SHUTOFF  (Rq).  THE  OTHER  TYPE  OF  INFORMATION  CONSISTS  OF  A 
CONTINUOUS  MEASUREMENT  OF  THE  DIFFERENCE  ( ^ Rp  )  BETWEEN  A  GIVEN  MISSILE 
POSITION  (R),  AFTER  SHUTOFF,  TO  A  PRECALCULATED  RANGE  AT  WHICH  FINAL 
RANGE  CORRECTION  VELOCITY  WOULD  NORMALLY  BE  REACHED  ( Rp ) .  EACH  OF.  THE 
TWO  TYPES  OF  INFORMATION  IS  PRODUCED  ONLY  WHEN  THE  MISSILE  IS  WITHIN  ■ 
APPROXIMATELY  2,000  YARDS  OF  EACH  PRECALCULATED  RANGE.  THE  OUTPUT 
•^EITHER  Ro  OR  Rp)  IS  IN  THE  FORM  OF  A  DC  VOLTAGE  WHICH  IS  POSITIVE  WHEN 
THE  MISSILE  IS  APPROACHING  THE  PRECALCULATED  RANGE,  ZERO  WHEN  THE 
MISSILE  IS  AT  THE  PRECALCULATED  RANGE  AND  NEGATIVE  WHEN  THE  MISSILE  IS 
BEYOND  THE  PRECALCULATED  RANGE.  THE  OUTPUT  VOLTAGE  CHANGES  CONTINUOUSLY 
SO  THAT  AT  ANY  POINT  WITHIN  THE  RANGE  SPAN  IN  WHICH  MEASUREMENT  IS  MADE, 
THE  VOLTAGE  IS.  PROPORTIONAL  TO  THE  DIFFERENCE  BETWEEN  ACTUAL  RANGE  AND 
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GIVEN  PRECALCULATED  RANGE.  THE  PRESENT  SCALE  FACTOR  FOR  RQ  IS  3^0  YARDS 
PER  VOLT  AND  FOR  Rp,  230  YARDS  PER  VOLT.  POSITIVE  AND  NEGATIVE  VOLTAGE 
LIMITING  NETWORKS  IN  THE  RADAR  STATION  PREVENT  R0  AND  Rf  FROM  REACHING 
VOLTAGE  VALUES  OF  GREATER  THAN  4  10  VOLTS. 

(3)  Sin  p  is  a  function  of  4  si4i$  And  ;-cos  0  (0  a  radar 

ELEVATION  angle)  RECEIVED  FROM  THE  RADAR  STATION.  STn""J3'  IS  COMPUTED 
WITHIN  THE  RANGE  CORRECTION  COMPUTER. 

(4)  The  RANGE  CORRECTION  COMMAND  CONSISTS  OF  A  POLARITY  PULSE 
OF  ONE  SECOND  DURATION,  THE  POLARITY  OF  WHICH  DETERMINES  THE  DIRECTION  OF 
RANGE  CORRECTION  (go  LONG  OR  GO  SHORT)  FOLLOWED  ONE  SECOND  LATER  BY  THE 
COMMAND  PULSE  WHOSE  WIDTH  DETERMINES  THE  AMOUNT  OF  RANGE  CORRECTION*  A 
SECOND  FUNCTION  OF  THE  POLARITY  PULSE  IS  TO  PARTIALLY  ARM  THE  MISSILE, 

(5)  The  time  elapse  between  transmission  of  the  range 

CORRECTION  POLARITY  PULSE  AND  ARRIVAL  OF  THE  MISSILE  AT  THE  TARGET  BURST 
POINT  IS  CRITICAL  AND  MUST  EQUAL  A  PRECALCULATED  TIME.  THEREFORE  ANY 
VARIATION  IN  THE  TIME  AT  WHICH  THE  MISSILE  REACHES  RANGE  CORRECTION 
VELOCITY  AND  THE  PRECALCULATED  TIME  MUST  BE  COMPUTED  AND  USED  TO  TIME 
THE  TRANSMISSION  OF  THE  RANGE  CORRECTION  COMMAND.  THIS  IS  THE  SOLE 
FUNCTION  OF  THE  TIME  TO  IMPACT  COMPUTER.  THE  INPUT  DATA  TO  THE  TIME 
TO  IMPACT  COMPUTER  IS  THE  SAME  AS  THAT  FOR  THE  RANGE  CORRECTION  COMPUTER 
EXCEPT  FOR  THE  PRECALCULATED  CONSTANTS. 

c.  Radio  Set  AN/MRQ-7*  Together  with  the  radar  set  and  the 

COMPUTER  GROUP,  RADIO  SET  AN7MRQ“7  (POPPLEr)  COMPLETES  THE  GUIDANCE 
STATION  FOR  THE  CORPORAL  MISSILE. 

(1)  The  Doppler  station  operates  as  an  integral  part  of  the 
CORPORAL  guidance  station.  Accurate  measurements  of  missile  radial  velocity 

COMMANDS;  AND  SIGNALS  BASED  ON  THESE  MEASUREMENTS  ARE  ACCOMPLISHED  BY  THE 

Doppler  station. 

(2)  The  Doppler  theory  states  that  if  there  is  a  relative 
motion  (velocity)  between  the  source  of  the  wave  MOTION  AMD  the  observed 
WAVE  MOT  I ONy  A  CHANGE  IN  FREQUENCY  OR  PITCH  OCCURS.  THIS  FREQUENCY  CHANGE 
IS  THE  DOPPLER  EFFECT, WHICH  IS  USED  TO  ACCURATELY  MEASURE  THE  RADIAL 
VELOCITY  OF  THE  CORPORAL  MISSILE.  THE  DOPPLER  STATION  RF  SIGNAL  IS  TRANS¬ 
MITTED  TO  THE  MISSILE  RADIO  BEACONI  WHERE  IT  IS  AMPLIFIED,  DOUBLED  IN 
FREQUENCY  AND  RETRANSMITTED.  THE  DOUBLED  RF  SIGNAL  CONTAINING  THE  DOPPLER 
FREQUENCY  CHANGE  IS  RECEIVED  AT  THE  GROUND  DOPPLER  STATION  WHERE  IT  IS 
BEAT  AGAINST  TWICE  THE  GROUND  DOPPLER  TRANSMITTED  FREQUENCY.  THE  FREQUENCY 
DIFFERENCE  (BEAT  FREQUENCY)  IS  A  RESULT  OF  MISSILE  RADIAL  VELOCITY.  V/HEN 
THE  RADIAL  VELOCITY  OF  THE  MISSILE  AND  THE  RESULTANT  DOPPLER  BEAT  FREQUENCY 
REACH  A  PREDETERMINED  VALUE,  A  CODED  SIGNAL  MODULATES  THE  TRANSMITTER  TO 
PROVIDE  THE  SHUT-OFF  COMMAND  THAT  INITIATES  PROPELLANT  SHUTOFF  IN  THE 
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MISSILE.  At  A  LATER  TIME,  WHEN  THE  DOPPLER  BEAT  REACHES  ANOTHER  PRESET 
VALUE  THE  RANGE  CORRECTION  SIGNAL  IS  GENERATED.  THIS  SIGNAL  IS  RECEIVED 
BY  THE  COMPUTER  STATION  WHICH  THEN  DETERMINES  THE  VALUE  OF  RANGE  CORRECTION 
COMMAND  REQUIRED.  .  •  . 

(3)  IN  ADDITION  TO  THE  ABOVE,  THE  DOPPLER  STATION  TRANSMITS 
TO  THE  MISSILE,  A  DOPPLER  WARHEAD  ARMING  COMMAND  (CONTROLLED  BY  THE  COMPUTER 
STATION).  '  ''  * 

2.  CORPORAL  Missile  Internal  Guidance  System.  The  missile  internal 

GUIDANCE  SYSTEM  CONSISTS  OF  SEVERAL  COMPONENTS  INTERCONNECTED  IN  SUCH  A 
MANNER  THAT  THE  SYSTEM  RECEIVES  AND  ACTS  UPON  VARIOUS  SIGNALS  FROM 
SEVERAL  SOURCES  DURING  FLIGHT.  A  FEW  MINUTES  PRIOR  TO  TAKEOFF,  A  TEST  IS 
ACCOMPLISHED  DURING  WHICH  TIME  THE  GROUND  RADAR  RADIATES  AND  INTERROGATES 

the  Transponder  Set  (T  S).  Satisfactory  completion  of  the  "Radar  Command 
Loop  Test"  indicates  that  the  Radar-Missile  command  link  is  functioning 
properly.  Approximately  four  seconds  after  the  firing  button  on  the 
Firing  Panel  is  depressed,  the  rocket  motor  has  developed  sufficient  thrust 

TO  CAUSE  THE  MISSILE  TO  RISE  VERTICALLY  FROM  THE  LAUNCHER.  At  THIS  TIME 
(T  EQUALS  0  SECONDS)  THE  MASTER  TIMER  IN  THE  AUTOMATIC  PILOT  FLIGHT 

Controller  (Controller)  is  started.  Directional  and  attitude  stability 
OF  THE  MISSILE  IS  MAINTAINED  BY  GYROSCOPIC  SIGNALS  FROM  T  EQUALS  0  UNTIL 
SHUTOFF.  AT  T  PLUS  4  SECONDS,  THE  YAW  PROGRAM  SIGNALS  WHICH  HAVE  BEEN 
PRESET  IN  THE  CONTROLLER  ARE  COMBINED  WITH  THE  GYRO  SIGNALS,  AND 
ARE  SENT  TO  THE  PROPER  CHANNELS  OF  THE  ELECTRONIC  CONTROL  AMPLIFIER  (ECA). 

The  ECA  then  sends  the  resulting  signals  to  the  North  and  South  (yaw) 

Servo  Motors  which  in  turn  actuate  the  north  and  south  control  surfaces 
(fins)  and  programming  in  yaw  begins.  At  T  plus  4.5  seconds,  the  Pitch 

PROGRAM  SIGNALS  ARE  INJECTED  INTO  THE  SYSTEM  THROUGH  THE  ECA  TO  ACTUATE 

the  East  and  West  (pitch)  fins  and  pitch  programming  begins.  At  T  plus 

21  SECONDS,  THE 'CONTROLLER  CLOSES  A  SWITCH  WHICH  CAUSES  ACTUATOR  B-1 

(Commands  In)  to  operate.  Operation  of  B-1  enables  radar  pitch  and  yaw 

COMMANDS  FROM  THE  T  S  TO  PASS  THROUGH  THE  CONTROLLER  TO  THE  ECA.  THE 
FUNCTION  OF  THE  T  S  IS  TO  RECEIVE  THE  CODED  PULSE  GROUPS  FROM  THE  GROUND 
RADAR  AND,  IF  THE  FIRST  THREE  PULSES  ARE  CODED  PROPERLY,  TO  EXTRACT 
INTELLIGENCE  FROM  THE  FOURTH  AMD  FIFTH  PULSES  AND  TO  TRANSMIT  A  TRACKING 
PULSE  TO  THE  GROUND  RADAR.  THE  INTELLIGENCE  IS  PLACED  ON  THE  FOURTH  AND 
FIFTH  PULSES  IN  THE  GROUND  RADAR  BY  POSITION  MODULATING  THESE  PULSES  AT 
AN  AUDIO  RATE.  POSITION  MODULATION  AT  75  CPS  0N  THE  FOURTH  ( YAW )  AND 
FIFTH  (PITCH)  PULSES  WILL  CAUSE  THE  MISSILE  TO  YAW  LEFT  AND  PITCH  DOWN 
THE  MAXIMUM  AMOUNT  WHEREAS  POSITION  MODULATION  OF  THESE  PULSES  AT  1 05 
CPS,  WILL  CAUSE  THE  MISSILE  TO  YAW  RIGHT  AND  PITCH  UP  THE  MAXIMUM  AMOUNT. 

Position  modulation  at  90  cps  on  the  fourth  and  fifth  pulses  will  cause 

ZERO  DEFLECTION  ON  THE  FINS.  THE  POSITION  MODULATION  IS  DETECTED  BY 
DISCRIMINATORS  IN  THE  T  S,  AND  THE  RESULTANT  l>C  VOLTAGES  ARE  SENT  TO  THE 
CONTROLLER.  MISSILE  AUTOMATIC  GAIN  CONTROL  (AGC)  IS  DETERMINED  BY  THE 
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AMPLITUDE  OF  THE  FOURTH  AND  FIFTH  PULSES.  At  T  PLUS  3^  SECONDS,  THE 
CONTROLLER  CLOSES  A  SWITCH  WHICH  OPERATES  ACTUATOR  B  -  2  (GAIN  Up). 

Operation  of  B-2  increases  the  gain  of  pitch,  yaw,  and  roll  signals. 

At  some  time  BETWEEN  T  PLUS  45  ANb  T  plus  60  seconds  (dependent  upon  the 
SETTING  OF  DOPPLER  TIMER  #1  OBTAINED  FROM  THE  FIRING  TABLES)  THE  CONTROLLER 
CLOSES  A  SWITCH  WHICH  ENERGIZES  THE  RADIO  BEACOn  FOR  A  PERIOD  OF  15 

seconds.  During  this  15  seconds  time^the  radial  velocity  of  the  Missile 

IS  MEASURED  BY  THE  GROUND  RADIO  SET.  WHEN  THE  REQUIRED  VELOCITY  LS  . 

ATTAINED,  THE  GROUND  RADIO  SET  SENDS  A  SHUTOFF  SIGNAL  WHICH  IS  RECEIVED 
AND  RELAYED  BY  THE  RADIO  BEACON  TO  CAUSE  PROPELLANT  SHUTOFF.  SATISFACTORY 
CLOSURE  OF  THE  PROPELLANT  VALVE  CLOSES  A  SWITCH  WHICH  OPERATES  ACTUATOR 

B~3  (Changeover).  When  B-3  is  operated,  Radar  pitch  commands  are  ter¬ 
minated  (grounded),  and  stability  control  is  swi tched  from  Gyroscopes 
to  Accelerometers.  Some  time  between  T  plus  $6  and  T  plus  1l4  seconds 
(dependent  upon  the  setting  of  Doppler  Timer  #2  obtained  from  the  firing 
tables)  the  controller  energizes  the  radio  beacon  again  for  a  period  of 
35  seconds.  The  velocity  of  the  missile  is  measured  aga insand  range 
correction  (RC)  and  warhead  arming  commands  are  transmitted  to  the  missile 

BY  THE  GROUND  GUIDANCE  STATION.  At  T  PLUS  100  SECONDS  THE  CONTROLLER 
CLOSES  a  SWITCH  (COMMAND  UNIT  GATE)  FOR  35  SECONDS  WHICH  WILL  PERMIT  THE 
RC  COMMANDS  TO  BE  RECEIVED  8Y  THE  SIGNAL  DATA  CONVERTER  (SDC),  THE 

Command  Unit  Gate  bypasses  the  command  potentiometers  associated  with 
ACTUATOR  B-1 .  At  approximately  T  plus  104  seconds,  the  controller 

CLOSES  A  SWITCH  WHICH  "ARMS"  THE  MAGNETIC  DISCRIMINATORS  IN  THE  SDC  ALLOWING 
THEM  TO  OPERATE  ON  THE  RC  COMMANDS.  THE  RC  COMMAND  MUST  BE  TRANSMITTED  TO  THE 
MISSILE  BETWEEN  T  PLUS  1 04  AND  T  PLUS  132  SECONDS  IF  THE  MISSILE  IS  TO 
RECEIVE  IT,  The  RC  COMMAND  IS  MADE  UP  OF  TWO  PULSES  (pitch  commands). 

The  first  pulse  is  one  second  in  duration  and  determines  the  polarity  (go 

LONG  OR  GO  short)  OF  THE  COMMAND.  THE  SECOND  PULSE  OCCURS  ONE  SECOND  AFTER 
THE  END  OF  THE  FIRST  PULSE  AND  DETERMINES  THE  MAGNITUDE  OF  THE  RC  MANEUVER 
(THIS  COMMAND  IS  STORED  ON  THE  MEMORY  HELIPOT  IN  THE  CONTROLLER  TO  BE  USED 

later).  When  the  first  pulse  of  the  RC. command  is  received,  the  SDC 

ACTIVATES  A  MAGNETIC  CLUTCH  IN  THE  CONTROLLER  WHICH  IN  TURN  CLOSES  A 
SWITCH  THAT  STARTS  TWO  VEEDER  ROOT  COUNTERS  -  MANBUVER  START  AND  AZIMUTH 

Command  Termination.  These  timers  are  preset  to  perform  certain  functions 

AT  A  CALCULATED  TIME  (20  SECONDS  BEFORE  IMPACT  FOR  MANEUVER  START)  AFTER 
RC  COMMAND  TRANSMISSION,  WHEN  THE  MANEUVER  START  TIMER  RUNS  DOWN,  A 

SWITCH  IS  CLOSED  AND  THE  STORED  RC  COMMAND 'IN  THE  CONTROLLER  IS  APPLIED 

TO  THE  ERROR  DETECTOR  IN  THE  SDC.  THE  RC  COMMAND  LEAVES  THE  SDC  AND 

PASSES  BACK  THROUGH  THE  CONTROLLER  TO  THE  ECA  AND  CAUSES  THE  RC  MANEUVER 

TO  BEGIN.  WHEN  THE  AZIMUTH  COMMAND  TERMINATION  TIMER  RUNS  DOWN  (ANY 
PRESET  TIME  AFTER  RC  COMMAND  TRANSMISSION  PLUS  10  SECONDS  -  DEPENDENT 
UPON  EXPECTED  COUNTERMEASURES  ACTIVITY)  A  SWITCH  IS  CLOSED  WHICH  RESETS 
B-1  TO  THE  PREFLIGHT  CONDITION  THEREBY  ALLOWING  NO  RADAR  GUIDANCE 
COMMANDS  TO  PASS  THROUGH  THE  CONTROLLER. 
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3 •  Electronic  Defense  Laboratory's  Electronic  Countermeasu R e s  System. 
The  EDL  equipment  briefly  described  below  is  housed  in  tWo  3CR“58*Tradar 

VANS ,  AND ,  IN  FACT;  UT'LIZES  PORTIONS  OF  THE  5^  RADAR  EQUIPMENT.  (SEE 
PHOTOS;  iNCLOSURE  2.)  IT  SHOULD  BE  EMPHASIZED  THAT  THIS  EQUIPMENT  REPRE¬ 
SENTS  A  LABORATORY  MODEL  ASSEMBLED  FOR  THE  PURPOSE  OF  TESTING  CERTAIN 
ECM  CONCEPTS  AND  TECHNIQUES.  As  SUCH  IT  SHOULD  NOT.  BE  CONSIDERED  TO  BE 
AN  ECM  PROTOTYPE  SYSTEM  SINCE  NO  ATTEMPT  IS  MADE  TO  ASSURE  SATISFACTORY 
OPERATION  UNDER  CONDITIONS  OTHER  THAN  THOSE  EXISTING  DURING  THIS  SERIES 
OF  TESTS. 

a.  Vertical  Motion  Detection  Sub-System  (VMD),  The  EDL  system 

INTERCEPTS  AND  RECOGNIZES  THE  CORPORAL  MISSiLE  BY  MAKING  USE  OF  THE 
MOTION  PARAMETER  OF  THE  MISSILE  BEACON  (TRANSPONDER  SET  ~  TS)  SIGNAL. 

This  is  accomplished  by  performing  a  frequency  search  in  conjunction  with 

A  FIXED  ANTENNA  CONFIGURATION  WHICH  ALLOWS  THE  ELEVATION  ANGLE  OF  ALL 
SIGNALS  OCCURRING  BETWEEN  1°  AND  6°  ABOVE  THE  HORIZON  TO  BE  MEASURED  AND 
THE  RESULTANT  MEASURED  ANGLE  DISPLAYED  VERSUS  THE  FREQUENCY  AT  WHICH  THEY 

occur.  Successive  displays  permit  the  singling  out  of'  any  signal  whose 

ELEVATION  ANGLE  INCREASES  WITH  TIME  AT  A  RATE  CHARACTERISTIC  OF  A  BALLISTIC 

missile.  Proper  functioning  of  the  VMD  depends  only  upon  knowing  the 

LAUNCHER  AZIMUTH  TO  WITHIN  4  30°  AND  THE  TS  FREQUENCY  TO  WITHIN'4  200  Mc/s 
(FUTURE  SYSTEMS  WILL  HAVE  A  GREATER  FREQUENCY  COVERAGE).  THE  OUTPUTS  OF 
THIS  SYSTEM  ARE: 

(1)  Recognition  of  the  existence  of  the  missile. 

(2)  An  estimate  of  when  the  signal  reaches  a  predetermined 
elevation  angle. 

I 

(3)  The  FREQUENCY  BEING  INTERCEPTED. 

b.  Passive  Track  Sub-System  (PT).  The  EDL  system  acquires  and 

TRACKS  THE  MISSILE  BY  USING  PASSIVE  TRACKING  TECHNIQUES  ON  THE  TS 

radiations.  This  sub-system  is  activated  when  the  "VMD  recognized"  signal 

OBTAINS  THE  PREDETERMINED  ELEVATION  ANGLE.  WlTH  THE  PROPER  FREQUENCY  ALSO 
BEING  TRANSFERRED  FROM  THE  VMD,  THE  PASSIVE  TRACKER  SEARCHES  RAPIDLY  IN 
AZIMUTH  UNTIL  THE  SAME  SIGNAL  IS  DETECTED  AND  PASSIVE  TRACK  IS  ESTABLISHED. 

During  the  active  phase,  the  received  signals  are  analyzed  to  determine 

WHEN  A  CORRELATION  EXISTS  BETWEEN  THE  ACTIVE  ECM  AND  THE  RECEIVED  SIGNALS. 

The  outputs  of  this  system  are: 

(1)  Continuous  azimuth  and  elevation  to  the  missile. 

(2)  Continuous  monitoring  of  the  TS  prf. 
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(3)  0.1  SECOND  PULSE  WHEN  CORRELATION  IS  OBSERVED. 

c •  Active  ECM  Sub -Syste m  (Pulse  Jammer). 

(l)  The  EDL  system  supplies  an  active  ECM  environment*  This 

ENVIRONMENT  TENDS  TO  DECEIVE  THE  MISSILE  GUIDANCE  SYSTEM  BY,! 

(a)  Supplying  erroneous  commands  and 


(b)  Causing  the  response  of  the  missile  TS  to 

ERRATIC  TO  THE  GROUND  GUIDANCE  RADAR  INTERROGATION. 


(2)  The  latter  in  turn  would  cause  the  computer  to  compute 
erroneous  commands  to  be  sent  to  the  missile.  The  effectiveness  of  this 
approach  will  increase  as  more  information  is  obtained  concerning: 


(a)  The  limits  within  which  all  CORPORAL  guidance  radar 
transmission  codes  lie. 


(b)  The  limits  within  which  the  actual  command  pulses 

ARE  POSITION  MODULATED,  AND  THE  MODULATION  FREQUENCY, 

(c)  The  characteristics  of  the  ground  guidance  radas'. 

AND. COMPUTER  SYSTEM. 

(3)  This  sub-system  is  alerted  when  the  missile  is  acquired 

BY  THE  PASSIVE  TRACKER  SYSTEM.  THE  HIGH  GAIN  TRANSMITTING  ANTENNA  IS 
POSITIONED  BY  THE  PASSIVE  TRACKING  ANTENNA  SYSTEM-,  THE  OUTPUT  FREQUENCY 
IS  CAPABLE  OF  BEING  AWEPT  OVER  A  200  MC  RANGE  IN  A  5  SECOND  PERIOD  AND 
THE  SPACING  OF  THE  INTERROGATION  PULSES  BEING  TRANSMITTED  ARE  CHANGED 
RAPIDLY  IN  SUCH  A  WAY  THAT  ALL  POSSIBLE  CORPORAL  PULSE  CODES  ARE  TRANS¬ 
MITTED  SEVERAL  TIMES  IN  A  0.25  SECOND  INTERVAL.  THE  PASSIVE  TRACKER 
ANALYSIS  EQUIPMENT  WOULD,  WHEN  THE  ACTIVE  ECM  SIGNAL  IS  INTERROGATING 
THE  TS,  SEND  A  0.1  SECOND  PULSE  TO  STOP  THE  FREQUENCY  SWEEP  AND  PULSE 
SPACING  VARIATION.  THEREAFTER,  ANOTHER  PULSE  IS  ADDED  TO  THE  TRANS¬ 
MITTER  OUTPUT  IN  SUCH  A  WAY  THAT  THE  MISSILE  TS  WILL  RECEIVE  INTERMITTENT 
FULL-LEFT  COMMANDS.  IN  ADDITION,  THE  PRF  OF  THE  OUTPUT  SIGNAL  IS 
ADJUSTED  TO  CAUSE  THE  RESPONSE  OF  THE  MISSILE  TS  TO  THE  GUIDANCE  RADAR 
SIGNAL  TO  VARY  IN  AMPLITUDE,  THUS  INTERFERING  WITH  THE  TRACKING  OF  THE 
GUIDANCE  RADAR  AND  WITH  THE  COMPUTATION  OF  TRAJECTORY  ERRORS  AND  CORRECTIVE 
COMMANDS. 
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BOARD  NR  4  CONARC 
REPORT  OF  PROJECT  NR  GM  551 


FORT  BLISS,  TEXAS 
NEGATIVE  NR  GM  17O-I 


Photo  Nr  1 --Board  Nr  4  and  EDL  equipments  emplaced  near  HADC.  Left  tov  _ 

Right:  AN/MPQ-18  and  Data  Display  Unit,  ECM  Pulse  Jamme&J  .  /*  j 
ECM  Intercept  Van  (Passive  Tracker  and  Vertical  Motion 
Detector),  Lab  and  Work  Van  (EDL),  Scatter  Intercept  Equip¬ 
ment  (Not  used  in  this  test). 
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FORT  BUSS,  TEXAS 
NEGATIVE  NR  GM  170-3 


BOARD  NR  4  CONARC 
REPORT  OF  PROJECT  NR  GM  551 

Photo  Nr  3~-Pulse  Jammer  Antenna. 
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BOARD  NR  4  CONARC 

REPORT  OF  PROJECT  NR  GM  551 

Photo  Nr  4--Pulse  Jammer  Console 
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FORT  BLISS,  TEXAS 
NEGATIVE  NR  GM  170-6 

Photo  Nr  6--Intercept  Van  Console. 
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BOARD  NUMBER  4  (7104  SU) 
CONTINENTAL  ARMY  COMMAND 
roRt  Bliss,  Texas 


DETAILS  OF  TEST 
1  ,  Ml  SSI LE  Fl R I NG  ||  U-1 3 , 

a.  Purpose ■  The  purpose  of  this  test  was  to: 

(1)  Determine  whether  or  not  the  CORPORAL  missile  could  be 
"captured"  and  commanded  inflight  by  certain  EDL  jamming  equipment 
operating  under  optimum  jamming  conditions. 

(2)  Determine  the  effects  of  this  jamming  on  the  ground 
guidance  station  (GGS) . 

(3)  Determine  the  effects  of  this  jamming  on  the  missile. 

(4)  Determine  the  ease  with  which  this  jamming  may  be 

accomplished. 

(5)  Provide  a  means  of  field  testing  EDL  jamming  equipment 

AND  TECHNIQUES. 

b.  Conduct  of  Test.  This  test  was  conducted  under  optimum 

JAMMING  CONDITIONS  IN  THAT  EDL  KNEW  THE  FOLLOWING: 

(1)  The  EXACT  PULSE  RECURRENCE  FREQUENCY  ( PRF )  OF  THE  RADAR 

TRANSMITTER. 

(2)  The  exact  frequencies  of  the  missile  and  radar  set. 

(3)  The  exact  time  of  launching. 

(4)  The  code  used  in  the  Transponder  Set. 

All  other  conditions  may  be  considered  as  standard.  Range  silence 
was  maintained  on  the  radar  and  radar  image  freOuencies.  Voice  communica¬ 
tion  was  maintained  between  the  EDL  site  near  HADC  and  the  Oro  Grande 
CORPORAL  firing  area  in  the  event  either  party  needed  to  "hold"  the  firing 
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c.  Results  of  Test.  The  following  is  a  chronological  sequence 

®F  EVENTS  INCLUDING  THE  ACTION  TAKEN  BY  EDL  AND  SUBSEQUENT  EFFECTS  IN  THE 
GROUND  GUIDANCE  STATION  AND  THE  MISSILE. 


(1)  Ml NUTES ■  The  ground  radar  begins  TO  RADIATE  to 
THE  MISSILE  AND  CONT I NUE S  RAD  I  AT  1  ON  UNTIL  IMPACT.  THE  TRANSPONDER  SET 
(TS)  IN  THE  MISSILE  REPLIES  TO  THE  CODED  PULSE  GROUPS  SENT  FROM  THE 
RADAR.  EDL  INTERCEPTS  RADIATION  EMITTED  BY  THE  GROUND  RADAR  BUT  TAKES 
NO  ACTIVE  ACTION. 

(2)  T  4-  4.7  SECONDS. 

(a)  EDL  DETERMINES  THE  FREQUENCY  OF  THE  TS  USING  THE' 

VM). 


0; 


(b)  GGS.  No  EFFECTS  ARE  NOTED. 

(c)  Mi ssi le.  Continues  along  normal  programmed  trajectory. 
|3)  T  4  5-5  SECONDS. 

(a)  EDL.  Passive  Tracker  (PT)  goes  into  "Automatic 
track"  and  remains  in  automatic  until  impact.  PT  data  IS  NOT  yet  useable. 


1 


(b)  GGS.  Normal  operation  is  noted. 

(c)  Mi ssi le .  Continues  normal  programming. 

(4)  T  6.3  SECONDS. 

(a)  EDL  PT  LOCKS  ON  THE  FREQUENCY  OF  THE.  TS. 

(a)  GGS.  No  CHANGES  FROM  NORMAL  OPERATION  ARE  NOTED, 
(c)  Missile.  Continues  normal  programming. 

(5)  T  4-  20  seconds. 

(a)  EDL.  PT  DATA  BECOMES  SMOOTH. 

(e)  GGS.  No  CHANGES  IN  NORMAL  OPERATION  ARE  NOTED, 
(c)  Mi ssi le .  Continues  normal  flight. 

(6)  T  +  21  SECONDS. 
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+  10  MILS. 

: 

Data 

(a) 

SENT 

EDL..  PT  Antenna  now  tracking  missile  within 
to  the  Pulse  Jammer  but  no  attempt  to  jam  is  made 

(b) 

GGS.  No  CHANGES  ARE  NOTED  F-ROM  NORMAL  OPERATION 

j 

(c) 

Missile.  Responds  normally  to  All  commands. 

(7) 

f-l 

38.3  seconds. 

(a) 

EDL.  Pulse  Jammer  is  energized.  Jamming  begins 

SECRET 


second.  Immediate  code  lock  is  obtained  and  is  indicated  by  an  increase  . 
in  transponder  'response.  (See  Inclosure  4,  Chart  15  Graph  B1-4.) 

(b)  GGS.  No  effect  is  noted.' 

(c)  Ml ssi le.  No  abnormal  effects  other  than  an  increase 

IN  TRANSPONDER  RESPONSE. 

(8)  T  +■  3&-35  SECONDS. 

(a)  EDL.  Jamming  with  groups  of  three  pulses  continues. 

(b)  GGS.  Radar  AGC  and  azimuth  angular  error  voltage 

BEGIN  TO  FLUCTUATE  AT  APPROXIMATELY  4.1  CPS  RATE.  THE  AUTOMAT  I C -A  I DED 
RELAY  IN  THE  RADAR  RANGE  TRACKING  SYSTEM  BEGINS  TO  CHATTER  AT  4.1  CPS. 

Erroneous  azimuth  commands  are  generated  as  a  result  of  this  type  of 
jamming  (See  Inclosure  4,  Chart  1,  Graph  Cl -4,  Chart  3;  Graph  Cl -6  and  ■ 
Inclosure  5,  photos  D1 -1  and  D1-2). 

(c)  Missile.  No  additional  effects  are  noted. 

( 9 )  T  +  4o,a  seconds. 

(a)  EDL.  No  CHANGE  IN  JAMMING  TECHNIQUE. 

(b)  GGS.  NO  CHANGE  IN  RECORDED  INDICATIONS. 

(c)  Missile,  Fins  begin  to  respond  to  erroneous 
COMMANDS  RECEIVED  FROM  THE  GGS. 

(10)  T  4  4t  .5'  SECONDS. 

(a)  EDL  RECORDED  TRANSPONDER  RESPONSE  AND  CODE  PROBE 
INDICATIONS  BECOME  INTERMITTENT  (SEE  lNCLOSURE  4,  CHART  \}  GRAPHS  B1 “4 
AND  A 1  -1  )  . 
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(b)  GQS.  No  changes  in  recorded  indications. 

(c)  Ml  SSI LES  .  No  CHANGE  IN  RECORDED  INDICATIONS. 

(11)  T  4  4>6  SECONOS. 

(a)  EDL .  Jammer  PRF  is  shifted  To  1-475  pulse  groups' 

PER  SECOND )  AND  A  FOURTH  PULSE  IS  ADDED  TO  THE  GROUP.  THE  FOURTH  PULSE. 

IS  POSITION  MODULATED  AT  ~[2.  CPS  SO  AS  TO  GIVE  THE  MISSILE  A  "GO  LEFT" 

commano.  Intermittent  jamming  and  probing  continues.  , 

(b)  GGS .  Radar  AGC  begins  to  oscillate  at  approximately 
10,2  cps.  The  automat i c-ai ded  relay  in  the  radar  range  tracking  system 

BEGINS  TO  CHATTER  AT  APPROX  I MATELY  10,2  CPS.  AZIMUTH  ANGULAR  ERROR  VOLTAGE 
CONTINUES  TO  BE  ERRATIC  PRODUCING  ERRATIC  AND  ERRONEOUS  AZ I MUTH  COMMANDS . 


(c) 

Missile. 

Recorded 

MISSILE 

AGC  INCREASES  APPROX  1  - 

MATELY  3DB 

1 NDICAT ING 

THAT 

THE  ADDITIONAL 

JAMMING 

BULSE  IS  BEING  RECEIVED. 

(12) 

T  +  46.15 

SECONDS. 

(a) 

EDL. 

No 

change 

IN 

JAMMING 

TECHNIQUES. 

(b) 

GGS. 

No 

change 

1  N 

RECORDED 

INDICATIONS. 

,  (c) 

Mi  ss 

1  LE  ■ 

Indication-  of  a 

TRANSIENT  APPEARS  ON  THE 

NORTH  AND 

SOUTH  ( 

,  yaw) 

F  INS. 

(13) 

t  +  46.6 

SECONDS. 

(a) 

EDL. 

No 

change 

IN 

JAMMING 

TECHNIQUES. 

(») 

GGS. 

No 

change 

IN 

RECORDED 

INDICATIONS. 

(c) 

Miss 

1  LE. 

North 

AND 

SOUTH  FINS  MOVE  TO  HARD  GO  LEFT 

POSITION  AND  BECOME  ERRATIC  FOLLOWING  NO  SET  PATTERN. 

(  1  4  )  T  -f  48,5  SECONDS. 

(a)  EDL.  Jamming  with  four  pulse  groups' conti nues{See 
Inclosure  4,  Chart  1,  Graph  A1-1). 

(b)  GGS.  The  AUTOMATIC-AIDED  RELAY  IN  THE  RADAR  RANGE 
TRACKING  SYSTEM  GOES  TO  AUTOMATIC  AND  REMAINS  IN  AUTOMATIC  UNTIL  APPROXI¬ 
MATELY  T  +  53  SECONDS.  This  INDICATES  that  the  RETURN  signal  from  the 

Ml  SSI LE  BECAME  STRONGER  j  HOWEVER;  CHANGES  IN  1 50  SINE  BETA  BECOME  MORE 
ERRATIC  CAUSING  MORE  ERRATIC  (POSSIBLY  ERRONEOUS)  ELEVATION  COMMANDS  TO 
BE  GENERATED  (SEE  INCLOSURE  4,  CHART  4,  GRAPH  C I -J ) . * 
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(c)  Missile.  Mo  change  in  recorded  indications  is 

(15)  T  4-  52  seconds.  <> 

(a)  EjJL  Intermittent  probe  and  jam  continues. 

(b)  GGS,  Indications  are  present  of  the  radar  antenna 

SLEWING  IN  ELEVATION.  AZIMUTH  ERROR  VOLTAGE  MEASURED  BY  THE  GROUND 
STATION  IS  NEAR  ZERO  (DOVAP  DATA  SHOWS  THE  MISSILE  TO  BE  28  METERS  TO 
THE  LEFT  OF  THE  TARGET  L I NE }  .  A  DECREASE  IN  RECEIVED  SIGNAL  STRENGTH  IS 
NOTED  PROBABLY  CAUSED  EITHER  BY  OPERATOR  CONFUSION  IN  TRYING  TO  MAINTAIN 
THE  TARGET  OR  BY  A  POOR  RETURN  SIGNAL  AS  A  RESULT  OF  JAMMING, 

(c)  Mi ssi le.  Fins  continue  to  be  erratic  and  respond 

PREDOMINANTLY  TO  GO  LEFT  (SEE  INCLOSURE  4,  CHART  3>  GRAPHS  81 -6  AND  B I “7 ) • 

Transponder  response  levels  o^f  at  approximately  1100  pulses  per  second. 

( 1 6 )  T  4-  62.8  seconds. 

( a )  EDL.  Intermittent  probing  and  jamming  continues 

WITH  MORE  JAM  TIME  AS  OPPOSED  TO  PROBING  TIME.  TRANSPONDER  RESPONSE 
REMAINS  STEADY  AT  APPROXIMATELY  620  PULSES  PER  SECOND  WITH  OCCASIONAL 
DROPS  TO  APPROXIMATELY  200  PULSES  PER  SECOND.  PT  RECEIVER  AGC  GOOD  AND 
STEADY  (INCLOSURE  4,  CHART  1,  GRAPH  B1 -4;  CHART-  5,  GRAPH  A 1 -2 ) . 

(b)  GGS.  Azimuth  error  voltAge  indicates  the  missile 

APPROXIMATELY  30  MILS  (^]  TO  THE  LEFT  OF  THE  TARGET  LINE  (DOVAP  DATA 
PLACES  THE  MISSILE  299  METERS  TO  THE  LEFT  OR  APPROXIMATELY  12.7  • 

Radar  was  switched  from  "Automatic"  to  "Remote"  at. T  +  58.62  seconds  as 

CONSIDERABLE  DIFFICULTY  WAS  ENCOUNTERED  TRY | NG  TO  TRACK  THE  RETURN  PULSE. 

This  switching  to  tracker  control  caused  saturated  go  right  commands  to 

BE  GENERATED.  RADAR  AGC  IS  VERY  POOR  (SEE  INCLOSURE  4,  CHART  1,  GRAPH 

Cl -4;  Chart  3,  Graph  Cl -6;  Chart  5.  Graph  C I -5 ) • 

(c)  Ml SS I LE ■  YAW  FINS  OSCILLATING  VIOLENTLY  AT  A 
RANDOM  RATE  IN  RESPONSE  TO  COMMANDS  OF  OPPOSITE  POLARITY  FROM  TWO  SEPARATE 
SOURCES. 


(17)  T  4  72  SECONDS. 

(a)  EDL.  No  CHANGE  IN  JAMMING  TECHNIQUES  OR  RECORDED 

I ND I  CAT  I ONS . 

(b)  GGS.  Radar  is  in  Remote  and  AGC  is  very  poor  (See 
Inclosure  4,  Chart  5>  Graph  Cl -5  and  Inclosure  5;  photos  DI-3  and  DM). 

(c)  Missile.  During  periods  of  jamming,  the  yaw  fins 

ASSUME  A  HARD  go  LEFT  POSITION  WHEREAS  DURING  PERIODS  OF  PROBING  THE  FINS 
OSCILLATE  VIOLENTLY  (ALMOST  FROM  STOP  TO  STOP)  AT  APPROXIMATELY  5  CPS- 


+ 
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(18)  T  +  78.6  SECONDS. 

O 

(a)  EDL..  Transponder  response  becomes  higher  (approxi*?, 

MATELY  1100  PULSES  PER  SECOND),  AND  MORE  JAMMING  TIME  THAN  PROBING  TIME  ' 

is  noted.  Average  received  signal  strength  (AGC  indication)  is  very  gooo 
(See  Inclosure  4,  Chart  1,  Graphs  B1-4  and  AM;  Chart  5,  Graph  A1-2). 

(a)  GGS.  Azimuth  error  voltage  indicates  that  the 

MISSILE  IS  APPROXIMATELY  34.4  ^  TO  THE  LEFT  DF  THE  TARGET  LINE  (DOVAP  DATA 
PLACES  THE  MISSILE  APPROXIMATELY  23-9  /  LEFT). 

(c)  Missi le.  Yaw  fins  predominantly  assume  a  go  left 

POSITION. 

(19)  T4-  1o4.5  seconds. 

(a)  EDL.  Jamming  is  constant  with  no  probing  signals 
BEING  SENT.  Good  return  signal  level  and  high  transponder  response  is 
indicated  (See  Inclosure  4,  Chart  1,  Graphs  AM  and  B1-4;  Chart  5, 

Graphs  AI-2). 

(b)  GGS.  Radar  is  still  in  "Remote,"  but  a  poor 
return  pulse  is  being  received.  Azimuth  commands  remain  saturated  to 
.go  right  (See  Inclosure  4,  Chart  3,  Graph  Cl -6). 

(c)  Mi ssi  le.  Predominate  hard  go  left  commands  being  re¬ 
ceived.  Signal  Data  Converter  is  triggered  by  a  signal  received  in  the 
pitch  channel  (See  Inclosure  4,  Chart  2,  Graph  B1-1).  This  signal  was 

not  transmitted  by  the  ground  guidance  station. 

( 20 )  T  4-  107-5  seconds. 

(a)  EDL.  No  CHANGE  IN  JAMMING  TECHNIQUE  OR  RECORDED 

indications. 

(b)  GGS.  Azimuth  error  voltage  now  indicates  that  the 

MISSILE  IS  APPROXIMATELY  3^.2  TO  THE  LEFT  OF  THE  TARGET  LINE  (DOVAP 
DATA  PLACES  THE  MISSILE  APPROXIMATELY  37*1  ^  LEFT  OF  THE  TARGET  LINE). 

(c)  Mi ssi le.  Responds  to  hard  go  left  commands  (See 
Inclosure  4,  Chart  3,  Graph  B1-6). 

(21)  T  +  114.54  SECONDS. 

(a)  EDL.  No  change  in  jamming  technique  (See  Inclosbre 
4,  Chart  1,  Graphs  A1-1  and  bi-4;  Chart  5,  Graph  A 1 -2 ) . 
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(b)  GGS.  XM-3  Tracker  loses  the  target,  and  the  ON 
TARGET  LIGHT  GOES  OFF  (SEE  INCLOSURE  4,  CHART  2,  GRAPH  Cl “3 ) . 

(c)  Mi ss i le .  Yaw  fiais  remain  at  hard  go  left  position. 

( 22 )  T  4-  11^,1 2  SECONDS. 

(a)  EDL.  No  change. 

(b)  GGS.  Radar  is  switched  from  "Remote"  to  "Automatic." 
Azimuth  commands  change  from  saturated  go  right  to  saturated  go  left.  ' 

Radar  has  essentially  no  return  signal  to  track  (See  Inclosure  4,  Chart  2, 
Graph  Cl -3;  Chart  3,  Graph  Cl -6;  Chart  5>  Graph  CI-5). 

(c)  Missile.  No  change  is  noted  in  yaw  fin  positions. 

AGC  begins  to  rise  (See  Inclosure  4,  Chart  5,  Graph  Bl-5). 

(23)  T  4-  120.1  seconds. 

(a)  EDL.  Boresight  camera  record  reveals  that  the  PT 
is  tracking  the  missile  within  +  2  MILS. 

(b)  GGS.  Radar  is  switched  from  "automatic"  to  "remote" 

( XM-3  TRACKER  is  not  on  target)  and  azimuth  commands  change  from  saturated 
go  left  to  saturated  go  right  .3  seconds  later.  Azimuth  commands  remain 
saturated  go  right  for  the  remainder  of  the  flight  (See  Inclosure  4,  Chart 
2,  Graph  C1-3J  Chart  3,  Graph  C 1 -6) . 

(c)  Missile.  Yaw  fin  response  begins  to  form  a  systemati 
pattern  of  hard  go  left  deflection  for  a  period  of  approximately  five  seconds 
followed  by  an  approximate  one  and  one -half  second  period  of  oscillations 
around  zero  degrees  deflection.  This  pattern  continues  until  approximately 
T'-f  170,5  SECONDS.  AGC  becomes  steady  after  increasing  approximately  3 

db  (See  Inclosure  4,  Chart  3,  Graphs  B1 -6-  and  B1-7;  Chart  5,  Graph  Bl-5). 

( )  T  4*  122.7  seconds. 

(a)  EDL.  Transponder  response  changes  from  1100  pulses 
per  second  to  approximately  731  (PRF  or  radar)  pulses  per  second.  PT 
receiver  AGC  begins  to  decrease  (See  Inclosure  4,  Chart  1,  Graph  B1-4; 

Chart  Graph  A1-2). 

(b)  GGS.  Radar  remains  in  "Remote"  being  controlled 
by  the  XM-3  tracker  which  is  not  on  target.  Azimuth  commands  remain 
saturated  go  right. 
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(c)  Missile,  No  changes  in  recorded  indications. 
(25)  T  4-  1 30 ♦  8  SECONDS. 

(a)  EDL.  Transponder  response  is  steady  at  approxi¬ 
mately  1100  pulses  per  second.  PT  receiver  AGC  still  decreasing.  No 

CHANGE  IN  JAMMING  TECHNIQUE  IS  MADE. 


( b )  GGS.  Radar  is  switched  from  "Remote"  to  "Manual" 

AND  REPORTS  "TARGET  L0ST.W  AZIMUTH  COMMANDS  REMAIN  SATURATED  GO  RIGHT.  (SEE 

Inclosure  4,  Chart  i,  Graph  Cl -3;  Chart  1,  Graph  Cl -4). 


NOTED. 


(c)  Ml  SSI LE.  No  CHANGES  IN  RECORDED  INDICATIONS  ARE 


(26)  T  4  1 46. 7  SECONDS. 

(a)  EDL.  PT  RECEIVER  AGC  IS  VERY  LOW.  TRANSPONDER 
RESPONSE  IS  APPROX  I  MATE Y~loOO  PULSES  PER  SECOND  (SEE  INCLOSURE  4,  CHART  5, 

Graph  Al-2;  Chart  1,  Graph  B1-4). 


■(b)  GGS.  Off  target. 

(.c)  Ml  SSI  LE.  No  CHANGE  IN  RECORDED  INDJCATION.  CONTINUES 
TO  FOLLOW  PATTERN  DESCRIBED  AT  T  f  120.1  SECONDS. 


( 2 1 )  T  +  1 48 . 3  SECONDS. 

(a)  EDL.  Return  signal  level  (AGC)  higher  and  steady 

PROBABLY  DUE  TO  RETUNING  THE  LOCAL  .OSCILLATOR  IN  THE  PT  RECEIVER  (SEE 

Inclosure  4}  Chart  5>  Graph  Al-2). 

(b)  GGS.  Off  target. 

(e$  Ml SS I LE.  No  CHANGE. 

( 28 )  T  4-  163.5  SECONDS. 

(a)  EDL.  Return  signal  level  (AGC)  begins  to  decrease 
slowly.  Transponder  response  changes  from  1100  pps  to  731  pps.  (See 
Inclosure  4,  Chart  5,  Graph  Al-2;  Chart  1,  Graph  B1-4.) 

(b)  GGS.  Off  Target. 

(c)  Missile.  No  change. 

8 

SECRET 


ggBsaiwiwa 


SECRET 


O 


(29)  T  4-  170»5  SECONDS. 

(a)  EDL,  No  change  in  recorded  indications. 

(b)  GG.S.  Off  target. 

(c)  Ml  SSI LE.  YAW  FINS  BEGIN  TO  FLUCTUATE  INTERMITTENTLY 
WITH  THE  PERIOD  BETWEEN  FLUCTUATIONS  DECREASING  (SEE  INCLOSURE  4/  CHART  3; 

Graphs  B1 -6  and  B1 -7) . 

( 30 )  T  4  206.5  SECONDS;. 


(a)  EDL.  FT  receives-  AGC  is  erratic.  Probing  signals 

ARE  SENT  BY  THE  JAMMER.-  TRANSPONDER  RESPONSE  CHANGES  FROM  APPROXIMATELY 
1200  PPS  TO  APPROXIMATELY  100  PPS  (SEE  INCLOSURE  4,  CHART  5 >  GRAPH  Al -2j 
Chart  1 ,  Graphs  A1 -1  and  81-4). 

(b)  GGS.  Off  target.  f 


ROLL. 


(c)  Mi ssi le.  All  fins  appear  to  be  compensating  for 
(31)  T  4  209.O  seconds. 


(a)  EDL.  Jamming  signals  sent  by  jammer.  Transponder 

RESPONSE  CHANGES  FROM  100  PPS  TO  APPROXIMATELY  1200  PPS.  PT  RECEIVER 

AGO  very  low  (See  Inclosure  4,  Chart  1,  Graphs  A1-1  and  B1 -4;  Chart 
Graphs  A1 -2) . 


(b)  GGS .  Off  target. 

(c)  Ml ssi le.  AGC  very  low  (more  than  “3°  dbm).  All 

FINS  SETTLE  OUT  WITH  SMALL  OSCILLATIONS  BETWEEN  ZERO  AND  2  DEGREES 
DEFLECTION. 


(32)  T  4-  21^.11  seconds.  Missile  impact  7&10  meters  left; 

7287  METERS  over. 

d.  Analysis  of  Results.  Reference  to  paragraph  1c,  this  inclo- 

SURE,  THE  FOLLOWING  ANALYSIS  IS  PRESENTED.  To  FACILITATE  RAPID  CORRELATION 
BETWEEN  EVENTS,  REFERENCE  WILL  BE  MADE  TO  T  4  TIMES. 

(1 )  T  4  38.35  SECONDS. 

(a)  THE  FLUCTUATION  OF  GROUND  RADAR  AGC,  AZIMUTH  ANGULAR 
ERROR  SIGNAL,  AND  ERRATIC  OPERATION  OF  THE  AUTO  AIDED  RELAY  IS  CAUSED  BY 
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THE  INABILITY  OF  THE  GROUND  RADAR  TO  RECEIVE 
FOR  APPRECIABLE  PERIODS  OF  TIME.  RECURRENCE 
ABOUT  FIVE  (5)  CPS.  FACTORS  CONTRIBUTING  TO 


THE  MISSILE  .TBAN3P0NDER  PULSE 
RATE  OF  THESE  PERIODS  IS 
THI S  CONDI T I  ON  ARE:  § 


1_.  Transponder  pulse  width. 

2.  Transponder  recovery  time. 


I  NTERROGATED . 


Rate  at  which  the  transponder  is  being 


4,  Pulse  recurrence  frequency  of  the  ground  radar. 
5_.  Width  of  narrow  gate  which  gates  the  input 

CIRCUITRY  OF  THE  GROUND  RADAR  AUTOMATIC  ELEVATION  TRACKING  UNIT. 

*  •  "  .*> 

(b)  THE  TRANSPONDER  PULSE  WIDTH  (TRANSMISSION  T I  ME ) 

AND  RECOVERY  TIME  ARE  SUCH  THAT  WHEN  THE  TRANSPONDER  IS  INTERROGATED  IT 
WILL  TRANSMIT  FOR  A  PERIOD  OF  1.6  MICRO  SECONDS  AND  CANNOT  BE  INTERROGATED 
AGAIN  FOR  APPROXIMATELY  400  MICRO  SECONDS.  THE  RATE  AT  WHICH  THE  TRANS¬ 
PONDER  IS  INTERROGATED  IS  A  FUNCTION  OF  GROUND  RADAR  PULSE  RECURRENCE 
FREQUENCY  (APPROXIMATELY  731  CPs)  AND  EDI  JAMMER  PULSE  RECURRENCE  FREQUENCY 

(approximately  2201  cps).  Jammer  PRF  is  three  (3)  times  that  of  the 

GROUND  RADAR,  PLUS  APPROXIMATELY  5  CPS.  THE  TRANSPONDER  IS  INTERROGATED 
AT  A  FREQUENCY  LOWER  THAN  THAT  OF  THE  JAMMER  PRF  DUE'  TO  DESIGN  CHARACTER¬ 
ISTICS  OF  THE  TRANSPONDER.  A  CONDITION  WILL  EXIST  PERIODICALLY  WHEN. THE 
TRANSPONDER  IS  INTERROGATED  BY  THE  JAMMER  AND  TWO  OR  THREE  HUNDRED  MICRO 
SECONDS  LATER  IT  IS  INTERROGATED  BY  THE  GROUND  RADAR.  A  DELAY  LINE  IN 
THE  TRANSPONDER  WHICH  MUST  BE  ALLOWED  TO  CHANGE  FOR  APPROXIMATELY  4(X) 

MICRO  SECONDS  HAS  NOT  CHARGED  SUFFICIENTLY  TO  PRODUCE  A  TRANSPONDER 
OUTPUT  AS  A  RESULT  OF  THIS  SECOND  INTERROGATION.  (NOTE  BASE  LINING  IN 
PHOTOS  DI-2,  NRS  2  AND  3,  INCLOSURE  5*)  THE  DELAY  LINE  BEGINS  ANOTHER 
CHARGE  CYCLE  AND  TWO  OR  THREE  HUNDRED  MICRO  SECONDS  LATER  THE  JAMMER  AGAIN 
INTERROGATES  THE  TRANSPONDER  (PERIOD  OF  JAMMER  PRF  IS  APPROXIMATELY  450 

u  seconds).  Again,  the  delay  line  has  not  charged  sufficiently  to  pro- 

DUCE  A  TRANSPONDER  OUTPUT.  THE  NEXT  TWO  JAMMER  PULSES  WILL  INTERROGATE 
THE  TRANSPONDER  AND  A  TRANSPONDER  OUTPUT  WILL  RESULT.  HOWEVER,  APPROXI¬ 
MATELY  200  MICRO  SECONDS  AFTER  THE  SECOND  OF  THESE  TWO  PULSES  THE  CORPORAL 
GROUND  RADAR  INTERROGATES  THE  TRANSPONDER  AND  THE  SEQUENCE  STARTS  OVER 
AGAIN.  IF  THE  JAMMER  PRF  WERE  EXACTLY  THREE  TIMES  THE  GROUND  RADAR  PRF, 

THE  SEQUENCE  DESCRIBED  ABOVE  WOULD  CONTINUE  INDEFINITELY.  UNDER  THIS 
CONDITION  THE  GROUND  RADAR  WOULD  NEVER  RECEIVE  A  TRANSPONDER  PULSE, 

AND  THE  EDL  PASSIVE  TRACK  RECEIVER  WOULD  RECEIVE  TRANSPONDER  PULSES  AT 
A  FREQUENCY  EQUAL  TO  2/3  THE  JAMMER  PRF.  THE  SEQUENCE  iS  SLOWLY  CHANGING 
HOWEVER,  SINCE  THE  JAMMER  PRF  IS  EQUAL  TO  THREE  TIMES  THE  GROUND  RADAR 
PRF  PLUS  APPROXIMATELY  5  CPS.  AFTER  ABOUT  1 /4  SECOND  THE  TIME  RELATION¬ 
SHIP  BETWEEN  THE  JAMMER  PRF  AND  THE  GROUND  RADAR  PRF  WILL  HAVE  CHANGED 
ENOUGH  (400  JJ  SECONDS)  TO  ALLOW  INTERROGATION  OF  THE  TRANSPONDER  BY  THE 
GROUND  RADAR  BEFORE  THE  NEXT  JAMMER  INTERROGATION  (450  U  SECONDS). 
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(c)  The  input  circuitry  to  the  azimuth  Ajfm  elevation  „ 

TRACKING  SYSTEM  IS  GATED  TO  INSURE  THAT  ONLY  THOSE  TRANSPONDER  PULSES 
CAUSED  BY  GROUND  RAbAR  INTERROGATION  WILL  ENTER  THE  AZIMUTH  AND  ELEVATION 
TRACK  I NG  SYSTEM  (REFERENCE  PARAGRAPH  lA,  INCLOSURE  1,  RADAR  SET  AN/MPQ“25), 

This  gate  is  open  between  approximately  5  micro  seconds  before  the 

EXPECTED  TRANSPONDER  RETURN  PULSE  AND  5  MICRO  SECONDS  AFTER  EXPECTED 
TRANSPONDER  RETURN  PULSE.  IN  THE  EVENT  A  TRANSPONDER  PULSE  CAUSED  BY 
JAMMER  INTERROGATION  ARRIVES  AT  THE  INPUT  OF  THE  AZIMUTH  AND  ELEVATION 
TRACKING  UNIT  AFTER  THE  GATE  HAS  OPENED  UP  AND  BEFORE  THE  EXPECTED  RETURN 
PULSE,  SLANT  RANGE  MEASUREMENT  |S  AFFECTED,  RANGE  MEASUREMENT  IS  A  FUNCTION 
OF  TIME  (SEE  PHOTOS  D  11-1,  INCLOSURE  5)>  AND  AZIMUTH  AND  ELEVATION  DATA 
IS  AFFECTED  BECAUSE  THE  RADAR  ANTENNA  BEAM  MAY  BE  DISPLACED  FROM  THE 
MISSILE  (DUE  TO  CONICAL  SCAN  ROTATION)  BY  AS  MUCH  AS  1  THESE  ERRORS 

ARE  SMALL  HOWEVER,  IN  COMPARISON  TO  THE  ERRORS  CAUSED  BY  LOSS,  AT  THE 
GROUND  RADAR,  OF  TRANSPONDER  SIGNALS  FOR  RELATIVELY  LONG  PERIODS  OF 

time.  During  these  periods  no  error  signal  is  present  in  the  tracking 

SYSTEM  AND  ERROR  MEASUREMENT  VOLTAGE  GOES  TO  ZERO.  As  A  RESULT  AZIMUTH 
ANGULAR  ERROR  (@),  ELEVATION  ERROR,  ELEVATION  COMMANDS,  AND  AZIMUTH 
COMMANDS  INCREASE  ANDjDECREACE  SINUSOIDALLY  AT  APPROXIMATELY  4  CPS. 

(d)  Erroneous  commands  developed  as  described  above 

ARE  TRANSMITTED  TO  AND  ACTED  UPON  BY  THE  MISSILE. 

(2)  T  -4-  45.8  seconds.  Changing  jammer  PRF  from  approxi-. 

MATELY  2200  CPS  TO  APPROXIMATELY  1^75  CPS  CAUSED  THE  SAME  RESULTS  AS 
DISCUSSED  ABOVE  EXCEPT  THAT  THE  FREQUENCY  OF  OSCILLATION  IN  RADAR  AGC, 
AUTO-AIDED  RELAY  AND  AZIMUTH  ANGULAR  ERROR  IS  NOW  APPROXIMATELY  10  CPs(l4j5  CPS 
EQUALS  TWICE  RADAR  PRF  PLUS  APPROXIMATELY  10  CPs).  ADDITION  OF  A  FOURTH  [ 
PULSE  TO  THE  JAMMER  PULSE  GROUP  AT  THIS  TIME  GIVES  THE  JAMMER  THE  ABILITY 
TO  COMMAND  THE  MISSILE  IN  YAW  (sEE  PARAGRAPH  2,  INCLOSUSE  1  CORPORAL 

Missile  Internal  Guidance  System).  The  "go  left"  commands  sent  to  the 

MISSILE  BY  THE  JAMMER  OVERRIDE  ANY  COMMANDS  THE  GROUND  RADAR  MIGHT  DEVELOP 
TO  CORRECT  THIS  CONDITION  BECAUSE  THE  TRANSPONDER  IS  INTERROGATED  BY  THE 
JAMMER  AT  A  MUCH  GREATER  RATE  THAN  BY  THE  GROUND  RADAR  (SEE  DISCUSSION 
UNDER  T  +  38.35  SECONDS). 

(3)  T  4-  46.6  seconds.  North  and  South  fins  move  to  hard 

GO  LEFT  POSITION  BECAUSE  OF  JAMMER  COMMANDS  AND  ARE  SOMEWHAT  ERRATIC 
SINCE  GROUND  RADAR  COMMANDS  TRY  TO  CORRECT  THIS  CONDITION  FOR  RELATIVELY 
SHORT  PERIODS  OF  TIME. 

(4)  T  4-  48.5  seconds.  The  stronger  signals  received  by  the 

GROUND  RADAR  MAKE  TRACKING  LESS  DIFFICULT.  HOWEVER,  THE  RECEIVED  SIGNAL 
IS  NOT  AT  THE  EXPECTED  TIME  AND  ERRORS  ARE  CAUSED  BY  DISPLACEMENT  OF  THE 
RADAR  ANTENNA  BEAM  FROM  THE  MISSILE  DUE  TO  CONICAL  SCAN  (SEE  DISCUSSION 
UNDER  T  +  38-35  SECONDS). 
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(5)  T  +  104.5  seconds.  The  range  correction  polarity..  pulse 

RECEIVED  BV  THE  MISSILE  IS  BELIEVED  TO  HAVE  BEEN  CAUSED  BY  THE  5th  GROUND 
RADAR  PULSE  BEING  IN  COINCIDENCE  WITH  THE  FOURTH  JAMMER  PULSE.  THE  FOURTH 
JAMMER  PULSE  WAS  MODULATED  AT  */2  CPS  YAW  COMMAND  CAUSING  A  POSITIVE 
POLARITY  PULSE,  THIS  POLARITY  PULSE  STARTED  THE  TIMERS  WHICH  TERMINATE 
AZIMUTH  COMMAND  AND  CAUSE  RANGE  CORRECTION  MANEUVER  START. 

(6)  T  4  130.8  seconds.  Switching  the  ground  radar  to 

"manual"  CAUSED  ERRONEOUS  COMMANDS  TO  BE  SENT  TO  THE  MISSILE..  ORDINARILY 
THE  PRF  WOULD  HAVE  BEEN  DROPPED  OUT  PRIOR  TO  THIS,  PREVENTING  THE  MISSILE 
FROM  RECEIVING  THESE  COMMANDS.  HOWEVER,  UNDER  CONDITIONS  OF  JAMMING  SUCH 
AS  EXISTED  AT  THIS  TIME,  THE  FAIL  SAFE  RELAY  IN  THE  MISSILE  IS  BEING  KEPT 
OPEN  BY  THE  JAMMER  AND  SWITCH, NG  GROUND  RADAR  TO  PRF  DROPOUT  WOULD  NOT 
PREVENT  GROUND  RADAR  COMMANDS  FROM  BEING  RECEIVED  BY  THE  MISSILE. 

2.  Missile  F iring  ! 1  L'-l4. 

A.  Purpose.  The  purpose  of  this  test  was  to: 

(l)  Determine  whether  or  not  the  CORPORAL  Missile  could  be 

"CAPTURED"  AND  COMMANDED  IN  FLIGHT  BY  CERTAIN  EDL  JAMMING  EQUIPMENT  OPERATING 
UNDER  NEAR  SIMULATED  COMBAT  CONDITIONS. 


(2)  Determine  the  effects  of  this  jamming  on  the  ground 

GUIDANCE  STATION  (GGS). 

(3)  Determine  the  effects  of  this  jamming  on  the  missile. 

(4)  Determine  the  ease  with  which  this  jamming  may  be 

accompli  shed. 

(5)  Provide  a  means  of  field  testing  certain  EDL  equipment 

AND  JAMMING  TECHNIQUES. 


b.  Conduct  of  Test. 

(1)  This  test  was  conducted  under  normal  conditions  in  as 

■MUCH  AS  THE  INFORMATION  KNOWN  BY  EDL  WAS  LIMITED.  EDL  WAS  AWARe'tHAT  A 
CORPORAL  MISSILE  WOULD  BE  FIRED  FROM  APPROXIMATELY  THE  SAME  AREA  AS  II 
U-1 3  SOMETIME  AFTER  l80O  HOURS.  EDL  WAS  NOT  GIVEN  THE  FOLLOWING 
I NFORMAT I  ONI 


(a)  Pulse  Recurrence  Frequency  (PRF)  which  was  changed 

TO  853  PULSE  GROUPS  PER  SECOND  FOR  THIS  FLIGHT. 
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(b) 

WERE  NOT  CHANGED  FROM 


The  frequencies  of  all  radiating  elements. 

THE  FIRING  OF  II  U-l 3 . 


O 

These 


& 


(c)  The  launching  time* 


(d)  The  code  used  in  the  Transponder  Set. 


(2)  Voice  communication  was  maintained  between  the  EDL 
Supervisor  at  HADC  and  the  Oro -Grande  CORPORAL  Firing  Area  in  the  event 

AN  EQUIPMENT  BREAKDOWN  OR  0/ -MCE LLAT I  ON  OF  FIRING  OCCURRED.  RANGE  SILENCE 
WAS  MAINTAINED  ON  THE  RADAR  AND  RADAR  IMAGE  FREQUENCIES. 


c.  Results  of  Test.  The  following  is  a  chronological  sequence 

OF  EVENTS  INCLUDING  THE  ACTION  TAKEN  BY  EDL  AND  SUBSEQUENT  EFFECTS  ON 

the  Ground  Guidance  Station  and  the  missile. 

(1)  X-4  MINL'-'ES.  The  ground  radar  begins  to  radiate  to 
the  missile  and  continues  at i on  until  impact.  The  Transponder  Set 
in' the  missile  receives  the  coded  pulse  groups  and  transmits  a  tracking 
PULSE  TO  THE  radar.  EDL  INTERCEPTS  the  radiation  emitted  by  the  radar, 
BUT  DOES  NOT  TAKE  ACTIVE  COUNTERMEASURES. 

(2)  T  4  0  SECONDS.  TAILBREAK. 

( 3 )  T  4  5  SECONDS. . 

(a)  EDL.  Receives  first  indication  of  missile  signal 

INTERCEPT  USING  AUTOMAT  I C  "FREQUENCY  DETECTION. 


(b)  GGS.  No  effects  are  noted. 

(c)  Mi ss i le .  Begins  to  program  normally. 

(4) -  l±  5.8  SECONDS. 

(a)  EDL.  PT  output  positioning  data  is  bad.  Transponder 

RESPONSE  INDICATES  PT  RECEIVER  IS  RECEIVING  APPROXIMATELY  $00  PULSES  PER 
SECOND  MODULATED  AT  26  CPS.  AGC  IS  ERRATIC  (SEE  INCLOSURE  4,  CHART  6, 

Graph  B11-4;  Chart  10,  Graph  All -2). 

(b)  GGS.  No  EFFECTS  ARE  NOTED. 

(c)  Mi ssi le .  Continues  to  program  normally. 

(5)  T  4  21 .0  SECONDS. 
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(a)  EDL.  No  change  in  recorded  indications. 

(b)  GGS.  Radar  begins  to  tranmit  commands  to  the  mis- _ 
sile  (See  Inclosure  4,  Chart  8,  Graph  Cl  I -6;  Chart  9;  Graph  C 1 1  -*7 ) • 

(c)  Mi ssi le.  "Commands  In"  actuator  B-1,  in  the 

CONTROLLER  FAILS  TO  OPERATE  PREVENTING  RADAR  (AND  JAMMING)  COMMANDS  FROM 
PASSING  THROUGH  THE  CONTROLLER  TO  THE  FINS  (SEE  INCLOSURE  4,  CHART  J, 

Graph  B  1 1 -1 ) .  ° 

(  6 )  T  4-  3^-5  SECONDS. 

(a)  EDL.  PT  OUTPUT  POSITIONING  DATA  IS  GOOD  AND  IS  SENT 
TO  THE  PULSE  JAMMER.  PT  RECEIVED  SIGNAL  LEVEL  (AGC)  VERY  WEAK  BUT  STEADY 
AND  USEABLE  (SEE  INCLOSURE  4>  CHART  TO,  GRAPH  A 1 1 -2 } . 

(b)  GGS.  No  EFFECTS  ARE  INDICATED. 

(c)  Mi ss i le.  Continues  to  follow  an  unguided  trajectory. 
( 7 )  T  4  38.3  SECONDS. 

(a)  EDL.  The  pulse  jammer,  is  energ  i  zed,  and  probing  in 

BOTH  FREQUENCY  AND  CODE  BEGINS.  CODE  PROBE  CONSISTS  OF  A  GROUP  OF  THREE 
PULSES  AT  A  PRF  OF  2192  PULSE  GROUPS  PER  SECOND. 


(b) 

GGS.  No  effects  are  indicated. 

(c) 

Missile.  No  change. 

(8) 

T  4  4o  seconds. 

(a)  EDL.  First  indication  of  code  lock 
Recordings  indicate  intermittent  code  probe  and  lock  (See  1 
Chart  6,  Graph  All  -1 ). 

IS  PRESENT. 

nclosure  4, 

(b) 

GGS.  No  EFFECTS  ARE  INDICATED. 

(c) 

Missile.  No  change. 

(9) 

T  4  4l .5  seconds. 

(a) 

EDL.  No  change  in  recorded  indicati 

ONS. 

(b) 

GGS.  First  indication  of  jamming  is 

NOTED. 

Azimuth 

ANGULAR  ERROR  BECOMES  MORE  ERRATIC  CAUSING  AZIMUTH  COMMANDS  TO  BE  ERRATIC 

(See  Inclosure  4,  Chart  8,  Graph  Cl  I -6;  Inclosure  5,  Photos  DIM). 
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(c)  Missile.  Does  not  respond  to  guidance  commands 

BUT  CONTINUES  ALONG  AN  UNGUIDED  TRAJECTORY. 


(10) 

T  +  44.3  seconds. 

(a)  EPL.  Increase  in  PT  receiver 
Inclosure  4,  Chart  10,  Graph  All -2). 

AGC  is  noted  (See 

(b)  GGS.  No  change  in  recorded  i 

O 

NDICATIONS. 

(c)  Missile.  No  change. 

(ID 

T  +  49.8  SECONDS. 

(a)  EPL.  Sudden  increase  in  Transponder  Response  is 
present  (See  Inclosure  4,  Chart  6,  Graph  BII-4),  also  code  dock  is  main¬ 
tained  DURING  THIS  PERIOD  OF  TIME. 

(b)  GGGS ■  Azimuth  angular  error  and  azimuth  commands 
become  more  erratic. 

(c)  Missile.  No  change. 

(12) 

T  +  59-92  seconds. 

is  present  (See  1 

(a)  -EPL.  Sudden  short  increase  i 
nclosure  4,  Chart  6,  Graph  BII-4). 

n  Transponder  Response 

(b)  GGS.  No  appreciable  change  i 
voltage  is  present.  Azimuth  commands  are  saturated 

N  AZIMUTH  ANGULAR  ERROR 

"go  left". 

(c)  Missile.  No  change. 

(13) 

T  4-  60.21 .  seconds. 

(a)  EPL.  Transponder  Response  returns  to  approximately 
900  pulses  per  second  (See  Inclosure  4,  Chart  6,  Graph  Bil-4). 


(b)  GGS.  Azimuth  commands  are  slightly  more  erratic, 

HOWEVER  ARE  ESSENTIALLY  SATURATED  "GO  LEFT"  (SEE  INCLOSURE  4,  CHART  8, 

Graph  Ci I -6) . 

(c)  Mi ssi le.  Very  small  yaw  f|n  movement  is  detected. 

The  MOVEMENT  IS  TO  THE  LEFT  AND  IS  COINCIDENT  WITH  COMMANDS  FROM  THE 

GGS. 
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( A )  EDL.  Intermittent  probe  and  lock  continues*  Manual 

FREQUENCY  TUNING  IS  BEING  EMPLOYED.  FT  RECEIVED  SIGNAL  LEVEL  IS  STEADY . t 

Transponder  Response  remains  steady  (See  Inclosure  4,  Chart  6,  Graphs  AIM 
and  Bi 1-4;  Chart  10,  Graph  All -2). 

(b)  GGS.  Very  small  changes  are  indicated  in  the 

AZIMUTH  ANGULAR  ERROR  VOLTAGE,  BUT  AZIMUTH  COMMANDS  REMAIN  SATURATED 

"go  left"  (See  Inclosure  4,  Chart  8,  Graph  Cl  1-6). 

(c)  Mi  ss i  le.  Yaw  fin  recordings  indicate  a  slight  yaw 

LEFT  POSITION.  MlSSILE  TS  AGC  BEGINS  TO  COME  OUT  OF  SATURATION  (SEE  • 

1 nclosure  4,  Chart  8,  Graphs  BII-6  and  BII-7;  Chart.  10,  Graph  BII-5). 

( 1 5 )  T  4-  lO^.O  SECONDS. 

(a)  EDL.  Intermittent  probing  and  jamming  continues 
(See  Inclosure  4,  Chart~57  Graph  A 1 1-1 ) . 

(b)  GGS.  Erratic  indications  are  present  in  the  eleva¬ 
tion  ERROR  CHANNEL.  RANGE  TRACKING  APPEARS  TO  BE  UNSTEADY  (ROUGH). 

Azimuth  angular  error  is  only  slightly  erratic;  however,  azimuth 

COMMANDS  ARE  STILL  SATURATED  "GO  LEFT." 

(c)  Ml  SSI LE.  NO  CHANGE  IN  RECORDED  INDICATIONS.’ 

(16)  T  4  1 l4.0  SECONDS. 

(a)  EDL.  Sharp  drop  in  PT  receiver  AGC  is  present 
(See  Inclosure  4,  Chart  10,  Graph  All-2), 

(b)  GGS.  No  change  in  recorded  indications. 

(c)  Ml  SSI LE.  No  change  in  recorded  indications. 


(a)  EDL.  PT  RECEIVER  AGC  IS  steady. 

(b)  GGS.  Range  correct i on . commands  are  being  trans¬ 
mitted  TO  THE  Ml  SSI LE. 

(c)  Mi ssi le.  Range  correction  commands  are  received 
by  the  missile -(See  Inclosure  "4,  Chart  7,  Graph  Bll-l). 

16 


SECRET 


SECRET 


( 1 8 )  T  4  124.4  SECONDS. 

( A )  EDL.  Pulse  jammer  locks  in  solid.  Transponder 
RESPONSE  INCREASES  TO  APPROXIMATELY  2,000  PULSES  PER  SECOND  (SEE  INCLOSURE 

4,  Chart  6,  Graphs  All-1  and  BII-4). 

( b )  GGS.  Azimuth  angular  error  becomes  vei$y  erratic. 
Azimuth  commands  change  from  saturated  go  left  to  saturated  go  right. 

Radar  AGC  decreases  slightly  (See  Inclosure  4,  Chart  8,  Graph  Cl  I -6; 

Chart  10,  Graph  Cl  1-5). 

(c)  Missile.  Yaw  fins  change  from  approx i matey  2 

DEGREES  YAW  LEFT  TO  0  DEGREES  YAW  (SEE  INCLOSURE  4,  CfiART  8,  GRAPHS  B I  I -6 
AND  Bl I -7). 


(19)  T  -I-  130.8  SECONDS.- 

(a)  EDIL.  Four  pulse  jamming  begins  (the  fourth  pulse 

IS  POSITION  MODULATED  AT  72  CPS  IN  ORDER  TO  PRODUCE  A  GO  LEFT  COMMAND  IN 

the  missile).  Jammer  PRF  is  reduced  from  2192  pulse  groups  per  second  to 
1 475  pulse  groups  per  second.  Jamming  becomes  intermittent..  Transponder 
Response  decreases  to  approximately  731  pulses  per  second  with  occasional 
rises  to  approximately  1200  pulses  per  second  (See  Inclosure  4,  Chart  6, 
Graphs  A I  1-1  And  BII-4). 

(b)  GGS.  Azimuth  angular  error  changes  direction. 
Azimuth  commands  change' from  saturated  go  right  to  saturated  go  left. 

Radar  AGC  begins  to  increase  slightly  (Sec  Inclosure  4,_  Chart  6,  Graph 
Cl  1-4;  Chart  8,  Graph  Cl  1-6;  Chart  10,  Graph  CII-5). 

(c)  Mi ss i le.  Beacon  AGC  begins  to  decrease  slightly. 

Yaw  fins  move  to  approximately  2  degrees  yaw  left. 

( 20 )  T  j-  159.2  seconds. 

(a)  EDL.  Jammer  locks  in  solid  for  approximately  1.5 
seconds.  Transponder  Response  increases  to  approximately  l4oo  pulses  per 
second  during  this  period. 

•  (b)  GGS.  Azimuth  angular  error  changes  direction. 

Azimuth  commands  change  from  saturated  go  left  to  saturated  go  right.  In¬ 
dications  of  erratic  range  tracking  (See  Inclosure  4,  Chart  8,  Graph  Cl  1-6, 
and  Inclosure  5>  photos  Dll -2). 

(c)  Missile.  Yaw  fins  respond  to  saturated  commands 
TO  A  LIMITED  DEGREE  (SEE  INCLOSURE  4,  CHART  8,  GRAPHS  B I  I -6  AND  B I  I -] ) . 

Missile  Beacon  AGC  becomes  steady  (See  Inclosure  4,  Chart  10,  Graph  BII-5). 
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(21 )  T  4-  178-5  T0  202.1  seconds. 

(a)  Jammer  establishes  solid  lock.  Transponder  response 
INCREASES  TO  APPROXIMATELY  l400  PULSES  PER  SECOND  (SEE  INCLOSURE .4,  CHART 
6,  Graphs  A 1 1-1  and  Bi  1-4). 

(s)  GGS.  Azimuth  commands  saturate  intermittently  in 
BOTH  DIRECTIONS,  AZIMUTH  ANGULAR  ERROR  BECOMES  VERY  ERRATIC.  RADAR  AGC 
IS  VERY  ERRATIC.  PRF  IS  DROPPED  OUT  AT  T  +  1 88 . 7  SECONDS.  RADAR  IS 
SWITCHED  FROM  AUTOMATIC  TO  MANUAL  AT  T  +•  199.8  SECONDS  (SEE  INCLOSURE  4, 

Chart  8,  Graph  Cl  1-6;  Chart  10,  Graph  Cl  I  -5;  Chart  '/>  Graph  Cl  I  -3 ) * 

(c)  Mi ssi le.  Yaw  fins  indicate  a  slight  movement  in 

RESPONSE  TO  HARD  GO  RIGHT  COMMAND,  PITCH  FINS  MOVE  TO  EXECUTE  RANGE  COR¬ 
RECTION  MANEUVER  AT  T  +  197 * 0  SECONDS.  MISSILE  BEACON  AGC  IS  EXTREMELY 
ERRATIC  (SEE  INCLOSURE  4,  CHART  8,  GRAPHS  B I  I -6  AND  B|l>7;  CHART  10, 

Graph  BI I -5). 

(m  T  4  202,1  SECONDS. 

(a)  EDL.  Jamming  becomes  intermittent.  PT  receiver 

AGC  DECREASES  (INDICATING  A  WEAK  RECEIVED  SIGNAL).  TRANSPONDER  RESPONSE 
DECREASES  TO  APPROXIMATELY  400  PULSES  PER  SECOND  (SEE  INCLOSURE  4,  CHART  6, 

Graphs  All -1  and  Bll-4;  Chart  10,  Graph  All-2). 

(b)  GGS.  Azimuth  angular  error  changes  direction.  Azi¬ 
muth  COMMANDS  ARE  SATURATED  TO  GO  LEFT, 

(c)  Ml  SSI LE.  NO  CHANGE  IN  RECORDED  INDICATIONS. 

( 23 )  T  4-  204,9  seconds. 

(a)  EDI.  Jammer  established  solid  lock  until  near  impact. 
PT  receiver  AGC  increases  and  remains  nearly  constant  until  impact.  Trans¬ 
ponder  RESPONSE  INCREASES  TO  APPROXIMATELY  1 500  PULSES  PER  SECOND,  BUT  IS 
VERY  ERRATIC  UNTIL  IMPACT  (SEE  INCLOSURE  4,  CHART  6,  GRAPHS  A I  I -1  AND 

Bll-4;  Chart  10,  Graph' A! I -2). 

(b)  GGS.  Azimuth  commands  are  saturated  go  right  until 
impact.  Radar  AGC  indicates  a  fair  return  signal  level.  PRF  is  switched 
"in"  and  remains  in  until  impact  (See  Inclosure  4,  Chart  8,  Graph  Cl  1-6; 

Chart  10,  Graph  Cl  1-5;  Chart  7,  Graph  Cli-3). 

(c)  Missile.  Yaw  fins  indicate  very  small  response  to 
commands.  Pitch  fins  move  to  complete  the  range  correction  maneuver,  Mis¬ 
sile  Beacon  AGC  decreases  indicating  a  decrease  in  received  signal  level 
(See  Inclosure  4,  Chart  6,  Graphs  BIJ-6  and  BII-7;  Chart  10,  Graphs  BII-5). 

( 24 )  T  4  213.99  seconds. 
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(a)  EDL.  Jammer  begins  to  probe.  PT  receiver  AGC 

FALLS  TO  ZERO.  TRANSPONDER  RESPONSE  DECREASES  TO  APPROXIMATELY  400 
PULSES  PER  SECOND ,  THE  LOWEST  CALIBRATED  LEVEL  (SEE  INCLOSURE  4,  CHART  6, 

Graphs  All  -1  and  BII-4;  Chart  10.  Graph  All-2). 

(b)  ' GGS.  Azimuth  commands  are  saturated  go  bight. 
Radar  AGC  disappears. 

(c)  Mi ssi le .  The  missile  impacts  27l4  meters  right 

AND  749  METERS  SHORT  OF  THE  INTENDED  TARGET. 

d.  Analysi s  of  Results.  Reference  is  made  to  paragraph  2c, 
this  inclosure.  The  following  analysis  is  presented  whebe  necessary. 

To  FACILITATE  RAPID  CORRELATION  OF  EVENTS,  REFERENCE  WILL  BE  MADE  TO 
T  +  T I MES. 


(1)  T  4-  21 .0  seconds.  The  "Commands  In"  actuator  B-1 

(located  IN  THE  CONTROLLER  OF  THE  MJSSILE)  IS  A  MOTOR  DRIVEN  DEVICE  CON¬ 
NECTED  TO  TWO  WIRE  WOUND  POTENTIOMETERS  AND  NECESSARY  TELEMETERING  AND 
POLARITY  REVERSING  SWITCHES.  WlTHIN  TWO  SECONDS  AFTER  BEING  ENERGIZED, 
ACTUATOR  B-1  WILL  DRIVE  THE  CONTACT  ARMS  OF  THE  TWO  YAW  AND  PITCH  COMMAND 
POTENTIOMETERS  ADMITTING  YAW  AND  PITCH  DC  SIGNALS  FROM  THE  TRANSPONDER 
Set  INTO  THE  YAW  AND  PITCH  MODULATORS  IN  THE  CONTROLLER,  DEFINITE 
FAILURE  OF  THIS  UNIT  IS  INDICATED  AS  NO  TELEMETERING  BLIP  IS  RECEIVED, 

AND  NO  COMMANDS  ARE  SEEN  ON  ALL  FIN  RECORDINGS  PRIOR  TO  SHUTOFF.  THE 
MOST  OBVIOUS  POSSIBILITY  OF  FAILURE  IS  THAT  THE  ACTUATOR  MOTOR  JAMMED, 

(2)  T  4  40  SECONDS.  INTERMITTENT  CODE  PROBE  AT  THIS  TIME 
AND  LATER  INFLIGHT,  INDICATE  THAT  EDL  WAS  HAVING  DIFFICULTY  INTERROGATING 

The  transponder.  This  is  believed  to  have  been  caused  by  the  malfunction 

MENTIONED  IN  PARAGRAPH  ,  BASIC  LETTER. 

(3)  T4-  59-92  seconds.  Ground  radar  yaw  commands  are  pre¬ 
dominantly  "go  left"  from  about  T  +  4o  SECONDS  TO  ABOUT  T  +  124  SECONDS. 
The  missile  oould  not  respond  to  these  commands  (See  discussion  under  T  + 
21  seconds). 


(4)  T  4-  6o.21  seconds.  Yaw  fin  movements  at  this  time  are 

PROBABLY  A  RESULT  OF  ACTUATOR  B-1  TURNING  A  SMALL  AMOUNT  ALLOWING  A  SMALL 
PORTION  OF  THE  DC  SIGNAL  TO  BE  PICKED  OFF.  THE  TURNING  OF  ACTUATOR  B-1 
COULD  HAVE  BEEN  CAUSED  BY  VIBRATION  DURING  SHUTOFF  OF  THE  MISSILE  MOTOR 

(See  discussion  under  T  +  21  seconds). 

(5)  T  +  IQ^.O  seconds.  During  this  time  (approximate  time 
for  Range  Correction)  the  elevation  error  and  slant  range  measurement  are 
erratic.  Range  correction  command,  6x1,  is  computed  near  midtrajectory 
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FROM  ERRORS  IN  MISSILE  VELOCITY,  SLANT  RANGE,  ELEVATION  ANGLE,  AND  RATE 
OF  CHANGE  OF  ELEVATION  ANGLE.  RANGE  CORRECTION  COMMAND  NORMALLY  INDICATES 
THE  EXPECTED  RANGE  ERROR  AT  IMPACT  PROVIDED  THE  REMAINDER  OF  MISSILE  FLIGHT 
IS  UNDISTURBED  BY  GUIDANCE  COMMAND,  OR  RECEIVED  SIGNALS  EXTERNAL  TO  THE 
MISSILE  (  S)(f  c  A|JR'  +  B  SIN  P  +  C  SIN  j-)  +  D).  A,  B,  C,  AND  D  ARE 
CONSTANTS  SET  TO  PRECALCULATED  VALUES  TAKEN  FROM  THE  CORPORAL  FIRING 
TABLES.  THE  RECORDED  VALUE  OF/\Rp  -  150  SIN  £,  AND  TIME  AT' WHICH  RC 
VELOCITY  WAS  REACHED  ALL  INDICATE  NEGATIVE  RANGE  ERRORS  AT  IMPACT  WERE 
ANTICIPATED.  THE  MISSILE  POSITION  AT  THIS  TIME,  AS  SEEN  BY  THE  GROUND 
RADAR,  WAS  IN  ERROR  BY  AN  APPRECIABLE  AMOUNT.  HOWEVER,  BASED  ON  THE 
MISSILE  POSITION  AND  SELOCITY  ERRORS  SEEN  BY  THE  GROUND  GUIDANCE  SYSTEM, 

the  System  should  have  computed  and  transmitted  to  the  missile  a,  "go  • 
long"  command  of  approximately  91^  meters.  Actual  command  computed,  and 

ACTED  UPON  BY  THE  MISSILE,  WAS  A  "GO  SHORT1'  COMMAND  OF  APPROXIMATELY 

812  meters.  Range  correction  velocity  was  reached  about  3  seconds  earlier 

THAN  EXPECTED  AND  THE  RECORDED  SLANT  RANGE  ERROR  (A^f)  WAS  SATURATED  IN 
A  POSITIVE  DIRECTION.  NORMALLY  A  VOLTAGE  LIMITING  NETWORK  IN  THE  RADAR 

R0  Range  Unit  limits  the  value  ofARf  to  10  volts  under  the  above 

CONDITION.  A  POSSIBLE  MALFUNCTION  OF  THE  VOLTAGE  LIMITING  NETWORK  IN" 

the  Radar  R0  Range  Unit  caused  the  value  of^  Rf  to  be  approximately  4-  17 

VOLTS  WHEN  RANGE  CORRECTION  VELOCITY  WAS  REACHED  BY  THE  MISSILE.  THE 
ERROR  InARf  AT  THIS  TIME  CAUSED  THE  RANGE  CORRECTION  COMMAND  (6X1  )  TO 
BE  IN  ERROR  IN  BOTH  POLARITY  AND  AMPLITUDE. 
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BOARD  NR  4  CONARC 

REPORT  OF  PROJECT  NR  GM  551 


FORT  BLISS;  TEXAS 
NEGATIVE  NR  GM  17O-7 


Photo  Nr  D I -1 --Normal  Pulse  Received  from  missile. 
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BOARD  NR  4  CONARC  FORT  BLISS,  TEXAS 

REPORT  OF  PROJECT  NR  GM  551  NEGATIVE  NR  GM  I7O-8 


Photo  Nr  DI-2--Three  consecutive  photos  showing  return  pulse  during  three 


PULSE  JAMMING. 
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BOARD  NR  4  CONARC  FORT  BLISS,  TEX/ 

REPORT  OF  PROJECT  NR  GM  551  NEGATIVE  NR  GM 


Photo  Nr  DI~3~-Three  consecutive  photos  showing  return  pulse  during 

PULSE  JAMMING. 
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BOARD  NR  4  CONARC  FORT  BLISS,  TEXAS 

REPORT  OF  PROJECT  NR  GM  551  NEGATIVE  NR  GM  I7O-IO 

Photo  Nr  Dl 1-1 --Four  consecutive  photos  during  three  pulse  jamming.  Note 

BASELINING  AND  SHIFT  IN  RANGE  IN  NUMBERS  3  AND  4. 
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BOARD  NR  4  CONARC 

REPORT  OF  PROJECT  NR  GM  551 

Photo  Nr  D!I-2--Four  consecutiv 
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FORT  BLISS,  TEXAS 
NEGATIVE  NR  GM  170-1 


